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PREFACE 


O F prime importance in the study of t( clinical subjects is the 
fundamental theory upon which such subjects ar(‘ based. The 
study of theory isolated from its applic ation can become pointless and 
uninteresting. For this reason this text presents the theorj'^ of alter- 
nating-current motors in conjunction with tiie practical aspects of 
their construction, operation, and maintenance. 

An alternating-current motor cannot operate without the electric 
current produced by an alternating-current generator; and since 
the same electrical and magnetic principles apply to both motors 
and generators, the second chapter in this text discusses the types ol 
alternating-current generators and their operation. 

It is also necessary to acquaint the reailer with the various tjqies 
of motors. There are two major classes of motors, single-phase and 
three-phase motors. The single phase classification includes the uni- 
\ersal, repulsion-induction, repulsion-start induction-run, and the 
capacitor types. In the three-phase group are the squirrel-cage, 
wound-rotor, and the synchronous types. The thorough explanation 
of principles of operation and construction along with the helpful 
illustrations enable the reader to acquire a complete understanding 
of the various types of alternating-current motors. 

A motor without a capable operator is like a train without an 
engineer — of little value. With this in mind the authors have made 
every effort to incorporate into the section on the operation of gen- 
erators and motors all the facts necessary to keep a motor operating 
satisfactorily. The operator is told first how to select the proper 
motor for each particular application; then he is told how to maintain 
it in good running order. Also included in this chapter is the import- 
ant knowledge of power-factor correction. 

Since universal motors are operated on either alternating or direct 
current, they may develop troubles that are specific to this type. The 
six-pa.ge chart in this section enables the cause to be located quickly 
and tne proper remedy applied, 
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PREFACE 


The repulsion-induction type of motor has been built in large 
numbers chiefly by two manufacturers, and each uses a different type 
of centrifugal-operated short-circuiting device and brush-shifting 
arrangement. Special operating instructions and a listing of the 
troubles common to each of these two types have been prepared for 
the reader. 

The stator winding is the source of much of the trouble that 
occurs in polyphase induction motors. In some cases the defective 
coils may be cut out of service by simple repair. The author discusses 
when this can be done and when it is necessary to rewind the entire 
stator. The many special hints or kinks that are so valuable to expe- 
rienc’cd repairmen are revealed for the benefit of the new operator. 
A table is included listing the symptoms, causes, and remedies of 
common troubles of polyphase induction motors. The importance 
of this section of the text cannot be overestimated. 

Our largest alternating-current motors are usually synchronous 
motors. The size and complexity of these motors make a special set 
of operating instriu*tions necessary. All operators running synchro- 
nous motors will \ alue this chapter of the book highly. 

Each type of motor has its particular type of starter and con- 
troller. With the use of scheinatie diagrams and various illustrations 
the reader beconies acquainted with common types of starters and 
controllers. 

For all aspects of alternating-current motor, construction, opera- 
tion, and maintenance, the reader will find this text a helpful guide. 

The Authors 


The text material of this book also appears in 
the cyclopedia ''Applied Electricity” 




REMOVING STATOR COILS FROM A 10,000 KVA GENERATOR THESE COILS WILL 
BE REPLACED BY NEW ONES WITH BETTER INSULATION 

Courteny of WtsHnghoufic hltrtnc C orporation 
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TYPES OF ALTERNATING- 
CURRENT MOTORS 

Two or more magnetic fields are always required iu either 
direct- or alternating-current motors to produce torqu^. These 
fields set up magnetic poles which act upon each other through at- 
traction or repulsion to produce the rotating forces called torque. 
The construction of the machines for utilizing direct current are 
quite different as a rule from those using alternating current to pro- 
duce these magnetic forces. 

The stationary field and revolving jrmature, with most of the 
line current passing through brushes to the moving element, is al- 
most universally used with direct-current motors. The altematin g- 
current motor has practic ally the reverse arrangement, as this 
machine nearly always has the main line current passing throug h 
statio nary windings. This current passing through these windings 
*sets up a revolving field which acts on the rotating element in various 
ways with different types of motors to produce torque. How this is 
accomplished in the various types of alternating-current motors will 
be explained in the discussion of each. The important points of dif- 
ference to bear in mind are these. The direct-current motor has 
station ary poles and a revolving armature, wh ile the alternating - 
current mot or has stationary coils with rotati ng field flux. The 
stationary part of a direct-current motor is^alled the fi^eld and the 
moving element the armature. The stationary part of the al te mat ing- 
current motor is called the stator and the moving element of t|^ mo- 
tor is called the rotor. 

t^PEED OF ALTERNATINO-CURRENT MOTORS 

The speed of a direct-current motor can be easily changed by 
raising or lowering the applied voltage or using resistance in either 
the armature or the field circuit, wide ranges of speeds being ob- 
tainable with the direct-current motor through this means. Only 
very limited speed ranges are possible with alternating-current 
motors. One of the elements producing torque in the altemating- 
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H TYPES OF ALTERNATING-CURRENT MOTORS 

current machine is the revolving field. No rotor of an induction 
motor can revolve faster than this field rotates, The top speed of 
a motor on an alternating-current circuit then becomes the synchro- 
nous speed of this revolving field. More about this fact will be dis- 
cussed under each type of motor. 

The speed of this rotatirg field is determined by the number 
of poles and the rapidity with which these change from north to 
south. The frequency winch is determined by the number of changes 
of polarity in the poles depends upon the number of cycles per 
second obtained from the alternator supplying power to the circuit. 
A 2-pole motor connected to a 60-cycle source would have 60-pole 
changes each second for each pole which would make 3600 changes 
per minute. Therefore, the stator field would rotate at a syn- 
chronous speed of 3600 and would limit the rotor speed to a like 
amount. If the stator was wound with four poles instead of two, 
the rotor would advance only one-half a turn for each cycle of 
change; hence, two cycles would be required on the stator to turn 
the rotor one complete revolution. Thus with a 4-pole stator the 
rotor speed would be 1800 revolutions per minute or one-half what 
it was with a 2-pole stator. A stator wound with six poles would 
require three complete cycles or pole changes to make one complete 
turn of the rotor. Mathematically the synchronous speed of a rotor 
would be 

cycles X 00 X 2 
.p.m poles 

Sixty is used because there arc 60 seconds in a minute and two must 
be used because it requires a pair of poles, one for each half cycle, 
to make the magnetic circuit. If the frequency was changed from 
60 to 40, the speed at which the poles would change polarity would 
shift the same amount. A 60-cycle motor on a 40-cycle circuit 
would run at only two-thirds its former speed. Note — ^this is not 
a practical thing to do but is used merely for illustration. A motor 
under these conditions would run hot because of lack of iron in the 
magnetic circuit for the lower frequency. 

It is well to note at this time that J)ae number of phases of the 
circuit supplying the motor has nothing to do with the ^eed at 
which it operates. 
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l^SINQLE-PHASE MOTORS 

Single-phase motors may be classified according to the three 
following groupings: (1) series; (2) induction; and (3) repulsion. 
Taken as a whole the induction type is much more numerous than 
the others although certain fields of application may be almost 
wholly supplied with one type. The small motor-driven tool and 
appliance industries use enormous quantities of series type motors 
with some companies making a specialty of this particular motor. 
The induction type is used in practically all applications where con- 
stant speed is desirable, as this motor is like the shunt in this charae- 
toisl^icL The repulsion motor provides better starting than the in- 
duction type and is also widely used where variable speed is required 
from an alternating-current source of power. Many types of re- 
pulsion motors have been developed, over half of which are now 
obsolete. Practically all companies making alternating-current 
machines make a repulsion motor. Some of these are discussed later 
in this lesson. 

Torque. An induction motor may have running torque but has 
little or no starting torque. Why this condition exists is explained 
by Fig. 1. A squirrel cage rotor is used in this illustration as it 
simplifies the diagram, and the theory is exactly the same whether 
the armature is wire wound or made up from short-circuited bars. 
Fig. 1 shows a 2-pole stator with single-phase winding connected 
to lines LI and L2. During one-half cycle the current is flowing 
into the stator winding from LI. This makes the top half of the 
stator a north pole and the lower half a south pole. 

The flux in the stator, set up by the current during the first 
half cycle, will cut the rotor bars and induce currents in them as 
shown in A, Fig. 1. As these bars are short-circuited by end rings, 
currents will flow in the bars and cause the rotor to be polarized 
with a north pole, N, at the top and a south pole, S, at the bottom, as 
in B, Fig. 1. This position of the rotor poles with reference to the 
stator poles with north pole N at the top and south pole S at the 
bottom will produce no torque in the rotating member because the 
rotating forces are equal and in opposite directions. 

During the next half cycle the polarity conditions of both stator 
and rotor will be exactly reversed and no starting torque wiU ba 
produced. 
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As long as the rotor and stator poles have this relationship, no 
torque can be developed, because some angular displacement of the 
rotor and stator pole positions must take place before any turning 
action becomes effective. How this displacement of the poles on the 
stator and rotor is effected for starting will be explained under 
split-phase motors. 

The single phase motor differs from the polyphase motor in 



^ D 

Fjg \ Direction of Flux Paths in Stator and Rotor 


the following respect. The poles alternate in the single phase machine 
while the sLator flux rotates when more than one phase is used. 

Figure 1, 0’ and D shows the relative positions of stator and rotor 
polarities wlien the rotor is driven at synchronous speed in the 
changing field of the frame. In the case of a two-pole motor, the 
rotor would have to be turned once for each cycle. This rotation 
of the moving member causes the polaritv to be at right angles to 
the stator oolcs. The main poles are located at the top and bottom 
while the induced poles are on the right and left sides of the rotor. 
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This is the position which produces the maximum torque. Just 
why the rotor poles are now at right angles to the main poles is rather 
difficult to understand. This shift of poles from positions in Fig. 
1 to the positions they now occupy is caused by the rotor rotation. 

Figure 2 shows the stator flux polarity on the second half of the 
cycle resulting from the current supply furnished by Li and L 2 . 
This figure shows the rotor flux condition at very nearly synchronous 
speed. The rotative affect has now caused the rotor polarity to 
shift almost 90 degrees with reference to the stator polarity. A 
comparison of Fig. 2 with Fig. 1 will clearly indicate this fact. 



Fig 2. Direction of Flux when Slntor Current Is Flowing from 
Li to Li and Rotor Running at Synchronous Speed 

This relationship of rotor pole position with stator pole position 
results in maximum available torque. The angle 0 between the^ 
true 90 degree position and the actual pole position is caused b y 
the slip . In any motor where the rotor field is produced by the flux 
of the stator setting up a voltage in the rotor winding, the revolving 
or changing field must rotate faster than the moving element of the 
machine. Otherwise, no flux could cut the rotor and no voltage would 
be produced to force current through the circuits in the armature of 
the piachine. This difference in speed between the revolving field 
and the rotor is called the sli^) ^ . This usually varies from two to 
seven per cent on well-designed squirrel cage machines. It is seldom 
over four per cent on three-phase motors of this type. 

\^^eries or Universal Motor. Figure 3 shows the diagram for a 
series or universal type of single-phase motor. This machine is 
almost identical with a direct-current series motor. The alternating- 
current conditions require that these machines have laminated iron 
pole pieces as well as the laminated armature. This construction 
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eliminates eddy currents in frame and pole pieces. In this motor 
both the stator and the rotor are magnetized from the line current. 

^2 

Fjg 3 A Son os on Universal Motor with ('urn'iit Fiowinie: as Shown by Arrows 

^When the current reverses in one part of the machine, it reverses 
'in the other at the same time. This means that the operation with 
talteinating current is essentially the same as though direct current 
was operating it. Fig. 4 sliows the conditions in the series diagram 
in Fig. 3 on the second half of the cycle only. The direction of the 
current is reversed, but the polarity relationship between the arma- 
ture anil the stator are relatively the same so the torque is developed 
regardless of the current direction through the motor. 

Thus, it is very essential that the direction of magnetism in 
the field and armature reverse at the same exact instant, because if 
one reversed first the direction of the torque would be reversed mo- 
mentarily. 

Universal motors will have somewhat different load speed 
characteristics on direct current than on alternating current. The 
inductive effects present in the alternating-current circuit will cut 
down the current and reduce the speed below what it would be on a 



Piff 4 The Direction of Cm rent Plow 
One-IIalf Cycle Later Than m Pi» 3 


direct-current circuit of the same voltage. Motors of this t3rpe ate 
used principally on small appliances such as drills, scrubbers, blowers, 



6 



TYPES OF ALTERNATING-CURRENT MOTORS 


7 


vacuum cleaners, sewing machines, mixers, etc. To meet these types 
of service, capacities from 1/150 to 1 horsepower have been de- 
veloped. Universal motors have high starting torque and operate 
most elBciently at speeds of 4000 to 10,000 revolutions per minute, 
speeds possible only with small armatures. Fig. 5 shows the parts 
of a universal motor just described. 

Many applications where universal motors have been tried show 
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Fig. 6. Parts of a Westinghouse Type AD Universal Motor 


unsatisfactory results on account of the wide difference of the speed 
behavior of the motor when operating on direct and alternating 
current. To meet this condition, many concerns make two motors, 
one of alternating-current and the other for direct-current use. 
These are interchangeable so far as dimensions are concerned. This 
development indicates that considerable judgment must be used in 
universal motor application. 

Larger capacity universal motors require an additional wind- 
ing on the stator to cut down the high inductive effects at the brushes. 
This winding, called a compensating winding, is wound so that its 
field will neutralize the field of the coils being commutated, thus 
helping to reduce abnormal sparking. This would make the eom- 
pensating winding 90 degrees from the main or stator windims* It 
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is connected in series with the main winding and armature. The 
high resistance of the small motor coils takes care of the inductive 
effects on small machines, but the low coil resistance and higher 
voltage usually used aggravate sparking at the brushes on larger 
motors of this type requiring a neutralizing winding to enable the 
machine to oi)erate satisfactorily. 

Series motors used on alternating current have considerable 
advantage over direct-current series motors. Through the use of a 
transformer with a number of taps on the secondary, the voltage 
at the motor terminals may be efficiently changed. This variation 
of the mo+or terminal voltage provides a wide range of speeds obtain- 
able with the altei'iiating-currcnt motor. 

A large universal motor has been successfully developed for 
railway work The direct-current voltage of 550 volts is used from 
the trolley on city streets and 1300 volts can be used from a trans- 
former when the car runs in interurban territory. This motor gives 
very satisfactory operating charaeteiisticb on either system and is 
widely used for this type of work. 

Split«»Phase Motor, The split-phase motor is a squirrel cage 
motor with two windings on the stator, one of which is the running 
winding and the other the starting winding. A glance at Fig. 1 
shows the conditions in the stator and rotor magnetic circuits with 
the like }»oIes on each, exactly opjiosito, producing no starting 
torque. One of the me st common methods of obtaining a displaced 
polarity condition between the rotor and the stator fields, to bring 
about torque for starting purposes, is to add another set of coils to 
the stator as shown in Fig. 1. ' 

These coils are wound 90 degrees from the original set and are 
connected to the ]iower circuit only during the period of starting. 
The leads to this switch are disconnected from the line by a centrif- 
ugal switch as soon as the motor reaches about 85 per cent of syn- 
chronous speed and remain off the line until the speed drops to 
approximately 00 per cent of normal when they will be cut in on the 
line again by the switch. Unless the speed comes up to normal in 
a short time after the reduced speed, this winding may burn out. 

The running winding R shown in Fig. 6 is the same winding m 
shown in Fig. 1, The starting winding X is wound between the coils 
of the running winding R and has high resistance and low indue- 
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tance while R has a low resistance and high inductance. This will 
give the two windings a phase displacement of the two currents flow- 
ing in the running and starting coils approximating the conditions 
in a two-phase circuit. Instead of the polarity of the stator winding 
shifting 180 degrees and changing the polarity of the main wind- 
ing to a like amount, this additional set of coils causes a shifting of 
the magnetic flux only 90 degrees for a half cycle change in current. 

In Fig. 7, consider R the running winding to be phase 1 and 
the starting winding X to be phase 2. The current in E is at a maxi- 
mum value positively while the current in X is just ready to start 



Pig 6. DiuKi.uii of a Smgip rha''(‘ Motor with 
Starling and Running Windings 


positively. As the current in R gets smaller, weakening its magnetic 
effect, the current in X is getting larger, strengthening its magnetic 
effect. The result is a polarity which moves around the rotor in a 
clockwise rotation. 

This in effect is a rotating magnetic field around the rotor which 
cuts the rotor bars setting up local circuits in this element, polariz- 
ing it. These magnetic poles set up in the rotor tend to follow the 
main poles and a starting torque is produced. While this torque is 
weak compared to the running torque developed, as the rotor ap- 
proaches synchronous speed, it is sufficient to start light loads found 
in many types of motor applications where fractional horsepower 
motors are used. 

Split-phase motors are made only in fractional horsepower sizes 
for use where small amounts of power are needed from a single-phase 
lighting circuit. The starting torque is too low to start only very 
light loads, and the starting current is high, which causes line voltage 
disturbances. In some applications, a clutch disconnects the motpr 
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from the load until it is up to speed where it has normal torque. 

Condenser In One Leg. Some split-phase motors are wound 
with two sets of coils like a two-phase motor as shown in Fig. 7. 
As the currents in coils R and X normally would be in phase from 
a single-phase source, resistance and capacity are introduced in coil 
X, This causes the current i^i coil X to lead the voltage which would 
result in a phase angle between the currents in the two coils. The 
resulting magnetic poles moving around the stator would develop 
starting torque, and the motor would operate very similar to a two- 
phase machine. This type of starting for split-phase motors is more 
expensive tlian starting winding with the switch, but it improves 



Fig 7. Merthod of Oonnecting a Condenser 
and Resistance in a 8plit-l%ase Motor 

power factor, efficiency, and slip, as this motor acts more like a 
polyphase induction motor. 

In order to increase the effectiveness of the condenser for start- 
ing, in some cases an auto transformer is used to raise the voltage 
across the condenser terminals to three or four times normal. The 
condenser is sometimes left in the circuit with line voltage across 
the terminals while the motor is operating, as this improves efficiency 
and power factor of the motor. 

Figure 8 shows a capacitor-start induction-run motor for use 
in refrigerators, stokers, oil burners, and other household appliances 
where liigher starting torque is required than is obtainable with the 
split-phase motor. There is also less radio disturbance from this 
motor than is caused by the split-phase machine. 

Reactance in One Leg. Reactance may be used in one leg of a 
two-phase winding for starting on single phase. This consists of a 
choke coil connected in one phase of the winding on the stator. 
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This lagging of the current in one phase caused by the choke makes 
displaced phase relations between the currents in the two coils on 
the stator windings which sets up the starting torque in the rotor. 
In some cases a choke is used in one leg as a current limiting device 
when the condenser is utilized for starting. This tends to limit 
line disturbance but cuts down the starting torque of the motor. 
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Fiir 8. Waurner Sin^rle Phase Induction Motor with Electro* 
lytic Condenser Mounted on Top 

Resistance Wire. The use of resistance wire in the winding of 
the stator has been used in a few small motors to obtain this split- 
phase condition for starting. A few coils of resistance wire have 
been interspersed in the main winding to produce starting torque. 
Motors of this type have usually been fan motors in which eflSciency 
is a minor item in the operation. Better methods have been de- 
veloped which have made this type of construction nearly obsolete. 
High resistance leads, from the coils to the commutator segmentSi 
are sometimes used with single-phase straight series motors to re- 
duce sparking which is especially bad during the starting period. 

IT 
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Squirrel Cage Rotor. Practically all motors of the split-phase 
type, now being manufactured, use the squirrel cage rotor and the 
wound stator, as this method of construction has proved much 
superior to the reversed scheme of the squirrel cage stator and the 
wound rotor. Fig. 9 shows clearly the main windings, the starting 



(Bottom) Rotor Assembled in Stator Showing Arranj^ement of Open-Circuitin* 

Device 

Courtesy of Century Electric Company 


windings and ihe open circuiting switch operated by the rotor of a 
motor of the split-phase type. 

Split-phase motors with the squirrel cage stator and the running 
and starting coils on the rotating member were made quite extensively 
by the General Electric Company up until a very few years ago. 
Due to the fact that the coils could be machine wound, the cost of 
construction for this type of motor was very low and therefore large 
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TYPES OF ALTERNATING-CURRENT MOTORS 18 


quantities of these motors were sold. The construction shown, Fig. 
10, required the power supplied to this machine to be passed through 
the carbon brushes to the bronze rings as shown on the rotor. Trouble 
was experienced from brush and ring wear with the resultant spark- 
ing causing considerable radio interference. 

There are two classifications of alternating-current commutator 
motors — ^those in which the speed materially changes with the load 
are called series motors, and the others in which there is only a slight 
change in speed with load are termed shunt motors. The latter type 



Fig 10 General Eleetnc Type SA Single-Phase Rotor 

may be connected with auxiliary equipment which provides a vari- 
able voltage through which the speed may be increased or decreased 
independently of the load. They are still classified as alternating- 
current shunt motors however. Many of the repulsion type motors 
discussed later in this lesson fall in the latter classification. 

Repulsion Motor. The repulsion motor has the stator coil 
connected to the line. The armature is wound like a direct-current 
machine but has no connection to the line. Short-circuiting brushes 
provide an armature circuit which has an electromotive force across 
it because of the magnetic effects of the stator winding. The poles 
set up by the induced current in the rotor are the same polarity as 
the stator poles. The torque is set up by the opposing lorces between 
these sets of like poles from which comes the name repulsion motor, 
A series motor, with the stator winding connected to the source of 
supply and the armature short-circuited, would become a motor of 
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this type. The repulsion motor finds a wide field of application 
where comparatively high starting torque is essential. A great many 
modifications have been made of the original repulsion motor de- 
veloped by Elihu Thompson as early as 1887. Fig. 11 shows a 
diagrammatical representation of this early motor. The armature 
is provided with a pair of brushes for each pair of poles on the stator 



Fig. 11. Diagram of Circuit*! in the Early Repulsion-Induo- 
tion Motor 

winding. All positive brushes are short-circuited with all negative 
brushes. 

Currents developed in the rotor, through the action of the stator 
flux, will develop torque in any position of the brushes between poles 
except at the halfway point. Here as much rotative effort will be 
developed in one direction as the other; therefore, the result will be 
zero and no torque will result. This is made clear from an inspec- 



12. Diagram Showing the Direction of Induced Voltage, Current, and TorQuia 
in a Repulsion Motor 


tion of Fig. 12. This shows stator coil A setting up a magnetic field 
across the rotor which changes polarity with the frequency of the 
supply circuit. This induces an electromotive force in the rotor 
windings. With brushes as in position (1) the electromotive force 
developed in the right side of the rotor will be exactly equal and 
opposite to electromotive force in the left side of the rotor. With 
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brushes set at the position where these electromotive forces meet, a 
large current will flow, but no torque will be developed because the 
turning effort on the two sides of the rotor balance each other. If 
the brushes are now moved into po.sition (2), we have a condition 
of balanced voltages across the brushes as shown by the two sets of 
arrows and no current flows through the short circuit. With brushes 

L, 


Pipr 13 Diagratn of Oirmif? of an Atkinson Repulsion 
Motor 

in position (3), the condition of unbalanced voltage would cause 
current to flow through the short circuit and the turning effort would 
be more in one direction than the other, so useful torque would result 
causing the rotor to turn. 

ATKINSON MOTORS 

The Thompson or original repulsion motor worked satisfactorily 
as long as lower voltages and small sizes were made. When larger 
sizes were made and higher voltages were applied to these motors, 



Pi£. 14. Diatrram of Circuits of Latour-Winter*Eichber* 

Repulsion Motor 

a great deal of commutator trouble developed from the large induc- 
tive effects on the short-circuited coils. The compensating winding 
was found to be a satisfactory solution for this trouble in the 
alternating-current series motor, so Atkinson applied the idea to the 
Thompson motor. The result is the conductively compensated re- 
pulsion motor shown in Fig. 13. Another variation of the c(HXi- 
pensated single-phase repulsion motor is shown in Fig. 14. Thiji 
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motor employs two sets of brushes, one to pass the line current 
through the armature like a series motor and the other to short- 
circuit the armature to produce the repulsion effect. This idea is 
jointly credited to men by the names of Latour, Winter, and Eich- 
berg. 

* The advantage of the last arrangement is in the elimination of 
the stator coil; the armature winding is made to furnish this field 
more effectively than was the case with a stator winding. 

All of the repulsion motors discussed have the direct-current 
series motor characteristic of losing considerable speed as the load 
is applied. 

REPULSION-START INDUCTION-RUN MOTORS 

The repulsion-start induction-run motor is by far the most 
numerous of all the various types of single-phase motors. This 
machine has the operating characteristics of the induction motor 
with starting torque from two to five times full load running torque. 
For the same line current it has higher starting torque than any 
other type of single-phase motor. Its maximum torque varies from 
2 to 2 y 2 times full load torque and its pull in torque from to 2^4 
times its full load value. 

The stator is usually wound with two sets of coils which makes 
possible the use of the motor on either 110 or 220 volts by simply 
connecting the coils in parallel or series. The stator core is high- 
grade steel laminations riveted together under pressure. The cores 
of these machines are usually insulated and completely wound be- 
fore being inserted into the frame. This type of construction makes 
repairs simply and quickly made, as a spare core may be kept on 
hand to replace bum outs. 

Frames are usually rolled from steel sheets, as this provides 
greater rigidity with less weight than is possible with cast frames. 
The foet aie welded to the frame. Various types of vibration ab- 
sorbing bases are available for special applications where noise is 
objectionable. Some of these use steel spring mountings and others 
are set in rubber. 

The armature for repulsion-start induction-run motors is made 
of laminated iron and wound with coils like a direct-current or re- 
pulsion type machine. The commutator is provided with a short- 
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MG IS. CUTAWAY VIEW OF A WAGNER. REPULSION-START. INDUCTION-RUN MOTOR 

Courtesy Wagner Electric Corporatum 
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circuiting device which short-circuits the coils and makes the ma- 
chine function like a squirrel cage induction motor once it is up to 
speed. The short-circuiting device is operated by a centrifugal switch 
which forces a copper ring, made of small segments, against the 
commutator bars after the proper speed is reached. This is usually 
about 80 per cent of syr'^hronous speed but vanes with different 
motor manufacturers. 

End type and ring type commutators are both used with 
repulsion-start induction-run motors. Some are made to throw the 



Fig 16 We8tinKhou80 Type OR Induction Repulsion-Start 
Motor 


brushes clear of the commutator, while others ride the commutator 
continuously. No matter what commutator type or brush riding 
arrangement is used, all of them short the commutator to make the 
rotor function as an induction machine while operating. During 
the starting period, the line current either passes through the 
armature as in Fig. 13 or excites the armature through induction as 
in Fig. 12, producing like poles on both rotor and stator. The re- 
pulsion effect sets up the high starting torque characteristic of these 
motors. 

Figure 15 shows cutaway section of a repulsion -start induction- 
run motor built in sizes of % to 40 horsepower. This machine has 
the end commutator with brush lifting rigging used in a very large 
percentage of these motors. Fig. 16 shows a motor with the ring 
t3rpe commutator on which the brushes ride permanently but carry 
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current only during the starting period. These machines are built 
in capacities from % to 3 horsepower. 

Some of these motors are built with an inner squirrel cage 
winding which improves the torque curves of the straight repulsion- 
start motor. The outer winding connected to the commutator pro- 
vides the initial starting torque and assists the inner squirrel cage 
winding by carrying its share of the rotor current while running. 
This construction provides a motor with very smooth -speed-torque 
curve with sufficient torque to bring up to speed any load it can 
start. The speed is nearly uniform from no load to full load. 

Repulsion-start induction-run motors are used for a great 
variety of purposes, a few of which are given as illustrations: com- 
pressors; pumps; farm machinery; ventilating fans; blowers; ma- 
chine tools; grease guns; car washers; lifts; oil burners; and re- 
frigerators. Wherever there is a difficult power job to be done and 
only a single-phase source available, this type of motor will nearly 
always be found taking care of it. 

GENERAL ELECTRIC REPULSION-INDUCTION MOTORS 

The General Electric Company make single-phase repulsion- 
induction motors with two types of compensating windings. One 
type has an independent compensating circuit, while the other takes 
a tap from the main stator winding to neutralize induction. Both 
of the motors are a modification of the original Thompson motor. 
The compensating circuits used in this motor improve not only the 
power factor but also the speed characteristics of the original motor, 
both of which were very poor. This motor is not a constant-speed 
machine but is designed to approximate the speed characteristics of 
a compound direct-current motor. The starting torque varies from 
2 to 2^ times full load torque. It may be connected directly across 
the line, but a resistance type starting box may be used if direct 
starting causes too much line disturbance. 

The brushes ride the commutator at all times, and the motor 
may be reversed if the brushes are rotated far enough in any one 
direction. This motor is built for reversing by using a switch and add- 
ing another winding to the stator at 90 degrees to the original one. 
Whichever direction the current flows through this winding, with 
reference. to the original stator winding, will determine the direction 
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of rotation of the motor. There are two ways of obtaining adjustable 
speed for these repulsion-induction motors. The brushes may be 
shifted, or through the use of a transformer with taps which changes 
the terminal voltage. For some applications, both the transformer 
with taps and a brush sliifting device arc employed to obtain adjust- 
able varying speeds. Fig x7 shows a motor of this type for operation 
on either 110 or 220 volts with a speed variation of 2^/^ to 1. It is 



Fig. 17. Single Phase Motor in Which Speed AdjuRtment 
Is Obtained by Shifting Position of Brushes 
Courtc*<y of Cieneral Electric Company 

either reversible or not reversible as required in sizes varying from 
^/4 to 2 horsn})ower. 

The starting torque will vary with the brush position and will 
be from IV 2 to 3 times full load torque for 4-pole motors and from 
to 2% on 6-pole motors. The maximum torque obtainable from 
this type of motor will be approximately 3% times full load torque. 
Because this is a constant torque motor, the horsepower output will 
be proportional to the speed. The no load speed of this motor is 
about 1.6 times synchronous speed. Unless the motor is properly 
loaded the speed variation will not be obtained as the series char- 
acteristics will over speed it. Its principal fields of application are 
in the operation of printing press machinery and testing equipment. 

A larger motor for use on polyphase distribution systems is 
shown in Fig. 18. ' It can be obtained regularly in 3 to 1 speed ranges 
but is also available in other speed ratios. These motors have shunt 
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field characteristics which open a wide field of application requiring 
speed variations. Examples of lines powered by these motors are: 
baking machinery; boiler-house fans; cement kilns; conveyors. 



Fig 18 General Electric Type BTA <1-Pha8e Adjustable Speed ''lotor with 
a Small Pilot Motor for Shifting the Brushes 


CENTURY REPULSION-INDUCTION MOTORS 

The Century is not a repulsion-induction motor in the same 
sense that the General Electric motor is a repulsion-induction type. 
The Century machine is, strictly speaking, a repulsion-start induc- 
tion-run motor. It operates on the principle of a repulsion motor 
when starting. Fig. 19 at {A) shows the position of the short-circuiting 
necklace and brush mechanism at the starting. The 4 brushes (2 
pairs) bear against the commutator and provide an armature circuit 
for the voltage and current induced in the armature windings. When 
armature approaches full speed, centrifugal governor Weights are 
thrown outward and operate a push rod that moves the short- 
circuiting necklace. This necklace joins all commutator bars to- 
gether, thus short-circuiting the bars and changing the armature 
winding into a squirrel cage rotor. The motor at full speed operates 
on the induction principle, as does the squirrel cage motor. The 4 
short-circuiting brushes are no longer needed to provide a circuit 
and may either remain in contact wdth the commutator or be pushed 
away from it; however, the life of the brushes is increased many 
years if they are pushed clear. The running position of the brushes 
and short-circuiting necklace is shown in Fig. 19 at (5); at (C), is a 
detail of brush mechanism, short-circuiting necklace, and barrel. 
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Starting torque of the repulsion-start induction-run motor is 
from to 33^ times full-load torque. Starting current will not 
exceed times full-load current when motor is connected directly 
to line. The only sparking at the brushes is for a few seconds when 
motor is starting, limiting radio interference to that short period. 
Torque characteristics of repulsion-start induction-run motors make 
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Fig. ly. Carts of a Ue])ulbion-btait luductiou-Run Brush-Lifting Motor 

them adaptable to operation of plunger pumps, compressors, oil 
burners, and refrigerating machines. 

WAGNER REPULSION-INDUCTION MOTORS 

The Wagner Electric Company makes a line of motors very 
closely paralleling the Century line. Their repulsion-start induction- 
run motors are made in sizes fromyioto 15 horsepower in all standard 
voltages and frequencies. The frame is of rolled steel and welded 
construction into which the wound stator core is inserted. The 
stator iron is high-grade annealed sheet made especially for the 
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work. Fig. 20 shows a section of the Wagner repulsion-start 
induction-run motor stator. Note the excellent coil fit in the slots 
and the maple wedges holding the coils firmly in place. These 



Fig. 20. Arranirement of Winding the Pole Groups in the Stator 
Courteny of Wagner Electric Corporation 


stators are thoroughly impregnated with insulating compound and 
baked twice, after which they are thoroughly sprayed with air-dry 
varnish to increase resistance to oil and moisture. 



Fig. 21. Hotur of Hepuhuon'-Start Induction-Kua Motor 


The rotor shown in Fig. 21 is treated and insulated in the same 
way as the stator. The slots are slightly skewed to reduce magnetic 
noise and to eliminate variation in starting torque at different rotor 
positions. The commutator is of the end type construction and is 
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short-circuited by a necklace of small copper segments forced 
against the commutator by a centrifugal switch. At the same 
instant this switch short-circuits the commutator, it lifts the 
brushes so that no contact is made while the motor is operating at 
normal speed. 

Wagner also makes a straight repulsion-induction motor in 
capacities of 1 to 3 horsepower. The rotor, in addition to the wire 
winding like other armatures for repulsion motors, has a regular 



Fig. 22. Wagner Type liG Single-Phase Induction Motor 


squirrel cage winding. Some of the advantages claimed for this con- 
struction of winding are: a smooth speed torque curve, without 
fluctuations, which makes the motor adaptable for severe starting 
duty; low starting current; close speed regulation; positive opera- 
tion on low voltage; excellent efficiency; high power factor; excellent 
commutation with resulting long brush and commutator life; 
and no internal short-circuiting mechanism. The brushes must be 
in contact with the commutator at all times. Fig. 22 shows an 

assembled view of this late development in repulsion-induction 
motors 
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DELCO REPULSION-INDUCTION MOTORS 

The Delco repulsion-mduction motor is fundamentally the same 
as the Wagner and Century motors of this type These motors have 
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Fig 23 A Capacitor Motor with Internal Conden'^er The 
Starting Winding Is Connttted to the Stationary Rings and 
as the Rotor Appronthes lull Spttd thi (7()\ernor Weight 
Moves Outward and Opens tht Circuit 
Courtesy of Houdl Electric Motors ( oinpany 




Pig 24 'Westinghonse Type FT Single Phase Capicitor 
Motor The Capacitor Unit Can Be R< nio\ed fiorn the Motor 
and Mounted at onv Convenient location 


the end type commutator on the rotor The short-circuiting device 
throws against the outside ot the commutator while running, which 
is somewhat different tlran other motors of this kind These machines 
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are made in capacities from Vo to horsepower and used principally 
for refrigeration purposes. The following frequencies are available: 
25, 30, 40, 42, 50 and 60 with voltages ranging as follows: 80-160, 
100-200, 104-208, 105-210, 110-220, 120-240, 125-250, 150-300, 190- 
380, 220-140. 

Capacitor Motor. The capacitor motor was first developed to 
provide a quiet oj^erating fractional horsepower machine for driv- 
ing oil burners, jmmps, compressors, stokers, refrigerators, and similar 
equipment requiring high starting torque, long annual run, and high 
power factor and efficiency. Motors of this type are made with 
condensers mounted internally and externally. The external mount- 
ing is favored especially with smaller units. Capacitor motors are 
now available up to 10 horsepower, but the condenser unit increases 
the first cost very materially over repulsion-induction or squirrel 
cage machines. Figs. 23 and 24 show how condensers arc mounted 
internally and externally with reference to the motor frame. 

CLASSIFICATION OF FRACTIONAL HORSEPOWER MOTORS 

The National Electric Manufacturers Association has set up the 
following classification of small motors according to what is called 
the annual service characteristics of the motors. The two classifica- 
tions are long annual service and short annual service. The short 
annual period is less than 1000 hours per year, and the long annual 
period is considerably over 1000 hours per year. Motors with long 
annual service characteristics are intended for use in general pur- 
pose applications where the motor is expected to operate at frequent 
intervals and for long periods of time; where high efficiency and 
high power factor are desirable; where quiet operation is required; 
and where normal tonjue characteristics are needed. Oil burners 
and refrigerators for household use are very excellent cases. Motors 
with short annual characteristics are intended for those applications 
where the motor is expected to operate only at infrequent intervals 
and foi short periods of time. Washing machines and ironers are 
typical examples of this type of service. 

POLYPHASE MOTORS 

How the torque is developed for a two-phase motor has already 
been shown in the explanation of the operation of a single-phase 
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motor. The only difference between a two-phase winding and a 
split-phase winding is that the two-phase winding is energized from 
separate phases of a two-phase circuit while the split-phase is ar- 
ranged through inductance or capacity to accomplish the necessary 
current displacement in the two windings. The currents must be out 
of phase with each other in the two circuits in order to set up torque 
through the revolving stator field. The two-phase alternator wind- 
ings are arranged to do this while the single-phase circuit must re- 
sort to artificial means to meet the requirements necessary to set up 
a revolving stator field. The two-phase circuit is far superior to 
the single-phase for providing starting torque for motors. The Ihree- 
phase revolving field provided from the three-phase circuit has many 
advantages over the two-phase system. Installation costs are less; 
motors have better starting characteristics; power factor and speed 
regulation is better; and efficiency is higher with the three-phase 
system. 

Where the single-phase motor has one revolving magnetic field 
set up by the stator, the two-phase circuit provides two fields 90 
degrees apart, and the three-phase has three fields each 120 degrees 
apart. This phase relationship is maintained in the motor stator 
as well as in the generator windings which makes possible the effec- 
tive use of the magnetic poles provided by these currents. In a non- 
inductive circuit, the current curves would have exactly the same 
phase relationship as the voltage curves, but of course with different 
values. The introduction of a motor in the three-phase circuit would 
have practically the same phase displacement effect on the current 
and voltage in each phase, hence the 120 degree-phase relationship 
of the currents in each phase would be maintained even though the 
power factor was poor. How the three-phase winding, with its 
rotating magnetic field, polarizes the stator through the induced cur- 
rents is shown in Fig. 25. 

The stator winding is placed around the stator with the various 
phases 60 degrees apart. Reversing the connections to one group of 
coils sets up the 120 degree-phase relationship which always exists 
in the three-phase circuit. The current curves for the separate 
phases are shown in the lower part of Fig. 25, Coils of the stator 
windings are indicated as A, B, and C. At the first position selected 
on the sine waves, note that the current in phase A is at a maximum 
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value positively, and the currents in phases B and C are both nega- 
tive, but the current in phase B is approaching zero while the current 
in phase C is increasing in the negative direction. The induction 
from these phases causes poles on the rotor indicated by the arrows. 
Note that the arrows in rotor No. 1 are opposite phase A for the first 
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Fir, 25 Rotor Positions DuriOK DifFerent Parts of One Cycle 


position on the sine eiirves. Note how these arrows rotate for each 
of the four instantaneous valves of current as shown by the four 
rotor positions. 

The instantaneous valves of current are taken just 60 degrees 
apart, which makes the 1st and 4th positions 180 degrees apart. 
This is a 2-pole winding and the rotor has made just one-half turn 
from position 1 to position 4. If this stator had been wound with 
four poles instead of two, the same change on the sine wave would 
have rotated fhe rotor only one-fourth of a turn, and a 6-pole one- 
sixth of a revolution, etc. For this reason rotors used in the stator 
fields with a large number of poles have slow speeds. 

v&quirrel Cage Motor, The squirrel cage motor is the most 
common type of alternating-current motor. It is used in single- 
phase induction motors, two-phase, and three-phase machines. 
Properly constructed, it is the least troublesome of any moving ele- 
ment made for motors. The simplest and most common type of 
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squirrel cage is made by assembling a series of copper rods in the 
slots of the iron rotor case and welding the ends to a copper ring. 
If viewed with only the copper assembly, it looks like the old- 
fashioned squirrel cage from which it got its name. The single- 
phase motor has been already discussed in this lesson, and the 
two-phase is becoming scarce; therefore, onl}’^ the three-jihase motor 
will be illustrated and referred to in the remainder of this work. 
Fig. 26 shows two standard types of rotors. A shows an assembled 
welded copper bar and B shows the cast aluminum type. 



( ourteny of Oerttral EUctnc Company 

The squirrel cage polyphase induction motor is built in any size 
needed from % to 5000 horsepower. Voltages are standardized at 
110-220-440-550 and 2200 volts and built for frequencies of 25-, 40-, 
and 60-cyclcs. Sleeve bearings, ball bearings, and roller bearings 
may be obtained if desired, although the roller bearings are not 
standard with all makes of motors. All types of frames, open, semi- 
enclosed, enclosed, drip-proof, splash-proof, and explosion-proof, are 
available wherever the application requires. All manufacturers 
make motors with 40° C. rating and some add a line of 50° C. motors. 
A 40° C. motor has a 20 per cent greater overload capacity than a 
50° C. motor. A great deal of care is taken in the design of all 
motors to provide proper ventilation for cooling not only 'the wind- 
ings but the iron as well. A current of air directed over and through 
the machine is usually the method employed to dissipate heat losses. 
Sometimes additional circulating apparatus is used, but ordinarily 
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fans on the motor are used for this purpose. Fig. 27 shows a partial 
cross-sectional view of a motor with arrows indicating the direction 
of air used for ventilation 



AIR OUT 

Fig J7 Partial Cioss Section of a Fan Cooled Squirrel Cage Motor 


Up until a few years ago, a squirrel cage motor was the only 
motor in the constant speed alternating-current field. At the present 
time all of the alternating-current motor manufacturers are mak- 
ing at least three and some are making as many as seven types of 
squirrel cage induction motors 



The three more common types of squirrel cage motors are 
grouped as follows: First, the normal torque normal-starting-current 
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motor. This motor has the highest efficiencies and power factors of 
all standard lines of induction motors and is more widely used than 
any of the others. Some type of starting device is usually required to 
reduce line disturbance when starting. The second group includes 
the normal torque, a low-starting-current motor designed to do the 
work of the ordinary motor but start with less starting current. 
Smaller and more compact control may be employed with this motor. 
The third group of motors of this type is high-torque, low-starting- 
current. These motors have a higher percentage of starting torque 
than either of the other groups, with a starting current no greater 
than the second group uses. This motor has high full speed efficiency 
and power factor and is recommended for driving compressors, con- 
veyors, and other loads requiring high starting torque. Fig. 28 shows 
one rotor construction which will provide the third group of motors 
with desired operating characteristics. Note the double squirrel cage 
and large deep slots provided for the low resistance part of cage. 

In Fig. 29 the comparative table gives a picture of the con- 
ditions developed in various types of squirrel cage rotors by chang- 
ing the shape of the slots and the winding used. The starting torque, 
starting current, slip, power factor, and efficiency are the essential 
factors in analyzing the behavior of a motor. Knowing the motor 
characteristics is only part of a job of selecting the proper machine 
to apply to the work. All the operating conditions such as start- 
ing, running, power company requirements, voltage, hazards such 
as explosive dust, flying particles, water and explosive gases must 
be given consideration before definite decision is made in picking 
a motor for a job. 

The interior view of a squirrel cage induction motor, Fig. 30, 
gives a very clear picture of the construction, assembly, ventilation, 
and lubrication features of this type of machine. The frame is 
welded steel, and stator and rotor cores are made from special lam- 
inated steel. The coils are well protected, and the shaft is pro- 
vided with a circulating fan which directs a current of air over the 
windings and the rotor and stator steel. All parts are interchange- 
able for a given size and can be easily and quickly changed whenever 
necessary. There is nothing to get out of order except possibly bear- 
ings and insulation which with proper care rarely happens. 

Wound Rotor Induction Motor. The squirrel cage induction 


31 



32 TYPES OF ALTERNATING-CURRENT MOTORS 

motor provides very little change in speed, only a very limited varia- 
tion may be made by raising oi lowering the terminal voltage In 



1 ig 20 Difforent Kind^ of Slot and Rotor ( onstruction and the R< suits Obtained from 

lh( m 

01 (lei to provide a motor for polvplia^^e eiieuits with practically un- 
limited speed variation from no load to full load, the wound lotor slip- 
rin^ motor was de\ eloped The torque developed by this motor is 
practically propoitional to stator current This makes the line cur- 
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rent the lowest for starting of any induction motor. The efficiency is 
also good at slow speeds, but power factor is low for this machine. 
The stator construction is standard, as in other types of polyphase 
motors, but the rotor has a low resistance winding which is con- 
nected in phases to three slip rings The control is obtained through 
the use of a contactor and resistance bank connected to the rings. 



Fig 30. A Squiriel Ongo Three Phase Motor with Bearing 
Binckit lleino\ed 

Courte’ty of Lincoln EUctru Company 


Slow speeds are developed when high resistance is introduced into 
the rotor circuit which increases as the resistance is decreased. 

Slip-ring motors are available in all sizes from % to 5000 horse- 
power for all standard voltages. Through the control they are made 
reversible speed. They are used on cranes, hoists, and metal rolling 
mills where reversing duty is essential and where frequent stops and 
starts are encountered. Because this motor may be ^‘plugged,” that 
is reversed from one direction to the other with power directly from 
the line, these motors require extra heavy shaft and retor construc- 
tion to withstand this abuse. Fie. 31 shows a large heavy-duty 
wound rotor motor for steel mill service. Fig. 32 shows a partly 
wound rotor. 
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Multispeed Motor. The other method of obtaining an 
alternating-current adjustable speed motor is to use a squirrel cage 



Fie 31 A W^tinghouae Type CW Heavy Duty Wound Rotor Induction Motor 



Fig 32 A Partially Wound Rotor 
Courtesy of Westvnghouse Electric Company 


rotor and ind the stator a large number of stator poles. The leads 
from these coils are brought out to a pole changing switch. In this 
way as many as two, three, or four definite speeds may be obtained. 
For example, a 60-cycle three-phase motor may be made to run at 
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1800, 1200, 900, and 600 r.p.m. Fig. 33 shows a multispeed motor 
installation with controlled apparatus. 

Synchronous Moto r. Synchronous motors, like alternating- 
current generators, are usually built with stationary winding and 
revolving field which must be excited from some source of direct 
current. Any alternator can be made to operate as a synchronous 



Fig 38. A Mttltispeed Induction Motor Controlled by a Drum Type Pole Changing 

Switch 

Courtesy of General Electric Company 

motor, but trouble due to hunting effects may develop objectionable 
power surges on the transmission system All synchronous motors 
develop this tendency to oscillate depending upon the tortional con- 
ditions of the load being driven To overcome this trouble, a damper 
winding is placed in slots in the pole faces This short-circuited 
winding very effectively eliminates hunting troubles. 

The synchronous motor has proved itself more efficient, opeiates 
at higher power factor, has absolutely constant speed regulation, and 
competes very favorably in first cost with other induction motors 
It is ideally suited for a constant load where speed must be main- 
tained uniform under all conditions By field control the synchro- 
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nous motor can be made to improve the power factor of a plant or 
power line and thereby reduce the cost of power, especially where 
the contract with the power company carries a penalty clause for 
low power factor. 

These motors are built in capacities ranging from 20 to 9000 



Fij 34. A 600 Horsepower, Svnthronous Motor Havinc 52 Poles and Operating at a 

Speed of 138 r p m ■! 

Courtfsy of Electric Machinery Manufacturing Company 


horsepower at speeds varying from 1800 to 60 r.p.m. All standard 
voltage and frcciuennes are met in these motors. Synchronous 
motors are used to drive compressors, paper mills, pumps, blowers, 
rubber mills, cement mills, mines, steel mills, flour mills, motor 
generator sets, and oil refining machinery. Fig. 34 shows a large 
synchronous motor operating a flour mill. The stator frames for 
practically all these large machines are fabricated from steel plate 
and welded in the same manner as alternators are constructed. 
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In the past, the chief objection to the synchronous motor was 
its lack of starting torque. This has been overcome in various ways. 
The General Electric Company makes what is called the super 
synchronous motor, Fig. 35, so arranged that the stator is free to 
rotate as well as the rotor. In starting, the stator is brought up 
to synchronous speed and a brake is then applied which gradually 
slows up the revolving stator as the field is increased in speed. 



Fisr 35 A Cenenil Electric 400 Ilorse- 
^ po-\\or T\pe TSR Synchronous Motor. 

Stator Is Sii])ported on Inner Set of Bear- 
ings and Rotor on Outer Set of Bearings 

Other companies, by special rotor design with heavy squirrel cage 
windings in the poles, are now able to successfully build synchro- 
nous motors with satisfactory starting torque. 

^ Fynn-Weichsel Motor. The Fynn-AVeichsel motor, Fig. 36, 
developed by the Wagner Electric Co., is a combination of the slip- 
ring and direct-current motor. The stator has two windings dis- 
placed by 90 degrees. One of these windings is connected through 
an adjustable resistance to the direct-current brushes and the other 
stator coil is short-circuited with another adjustable resistance. 
The rotor of this motor. Fig. 37, has two independent sets of wind- 
ings consisting of a direct-current set of coils connected to a direct- 
current commutator and a three-phase winding connected to slip 
rings. Three-phase power is supplied to the slip rings which is the 
only connection this motor has to the power lines. 
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In starting, this machine has the characteristics of a slip-ring 
induction motor. As soon as the machine reaches full speed, the 
direct current automatically supplied to the stator field from the 
commutator makes it a synchronous motor. The brushes in field 







Pig. 36 Exterior View of Fynn-WeichRcl Motor with Hinged Cover over 

Commutator 

Courtesy of Wagner Electric Corporation 

circuits are set so as to give the motor proper starting torque to 
meet the needs of the load. This motor has the advantage over the 
ordinary synchronous motor, being able to operate as an induction 



lig. 37. Rotor of P\nn-Weich8el Motor 
Courtesy of Wagner Electric Corporation 

motor on heavy overloads, and immediately pull into synchronism 
as soon as the load becomes normal again. The Fynn-Weichsel 
motor can be adjusted to have power factor corrective effects on the 
line by changing the resistance in the direct-current circuit to the 
stator. 



TYPES OF ALTERNATING- 
CURRENT GENERATORS 


The only difference between a simple direct-current generator 
and a simple alternating-current generator is that the direct-current 
generator has a commutator and the alternating-current generator 
has slip rings. From this slight difference in construction comes 
the difference in the voltage and kind of current obtained from the 
two units. 

FREQUENCY OF ALTERNATING CURRENT 

Frequency of an alternating current is the number of cycles 
the current passes through in one second. A complete turn of a loop 
of wire will make one complete voltage cycle as shown in Fig. 1. One- 



half the rotation of the loop will produce a voltage in a positive 
direction which causes current to flow out on the outside slip ring, 
and the next half turn completing the revolution will cause the out- 
side ring to be negative. This shows that the current flows equally in 
both directions during a cycle. A reversal of current is called acK 
alternation. Two alternations make one complete cycle. 
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Speed and Number of Poles. If this coil had rotated by two 
pairs of poles, the effect would have been just the same, as a coil 
making two complete turns with one pair of poles. Each time a 
coil or group of coils together pass a pair of poles a cycle is made. 
Obviously the speed and the number of poles will affect the fre- 
quency. Mathematically, frequency equals the poles times the 
revolutions per second divided by two and is often expressed as 
follows: 


Frequency= 


r.p.m.Xp 

60X2 


If the pole pieces were rotated and the coils remained stationary, the 
frequency would be exactly the same as it is with the revolving 



720 * 


Fig. 2. Curve Showing Variation of Voltage When Loop Makes Two Complete Turns 
or Two Pairs of Poles Are Used 


loop. A pair of poles passing a coil produce two alternations or one 
cycle, and the coil passes through 360 electrical degrees. If this had 
been a 4-pole machine, two complete cycles. Fig. 2, would have oc- 
curred on the coil or 720 electrical degrees. Each pair of poles adds a 
cycle to the loop for each revolution that either the coil or the poles 
make. 

Some small alternating-current generators use the revolving 
armature like a direct-current generator, but for two very important 
reasons the larger machines without exception use the revolving 
field in which the poles rotate. One important reason revolving 
fields are used is due to tne fact that insulation stands up betjfefiar if 
it is stationary, and the other is no sliding contacts for the large 


40 


TYPES OF ALTERNATING-CURRENT GENERATORS 3 


currents areji(£CfiSS§,ry witli revolving fields. Moving parts, er e, also 
lighter with the latter arrangement. Fig. 3 shows the various posi- 
tions of the revolving loop with corresponding voltage produced in 
Fig. 2 for each quarter cycle. No voltage is produced at the first 
and third positions of the coil as the conductors are not cutting the 
flux in these positions as shown by Fig. 2. As the coil leaves the 
starting position, as shown in Fig. 3, the voltage gradually increases 


N 





^ CYCLE 



Pig. 3. Loop Pobitions and Instnntunoous Voltages Shown as a Single Loop of Wire Is 
Revolved in a Magnetic Field 


and the second picture shows the voltage at the highest point when 
the quarter cycle position is reached. 

SINE CURVE 

The sine curve shown in Fig. 1 is the standard of reference for 
all discussion on alternating current. This curve can be plotted 
graphically by using a sine table and the corresponding angles. The 
sine itself is simply the ratio of two sides of a right-angled triangle, 
being the altitude divided by the hypotenuse. The cosine referred 
to in power factor discussions is the ratio of the base to the hypot- 
enuse. Each angle always has the same sine value, likewise a cosine 
value which is always the same number for any particular angle. 
A curve plotted from the sine values would always have a maximum 
value of one. 

The sine curve, shown in Fig. 4, can be developed mechanically 
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from a circle as follows: Starting with a point A at position 0 make 
a circle about a center C. Draw a horizontal line to the right of 
the circle from 0 to B and divide it into sixteen equal lengths. (For 
more accurate work, more divisions should be used.) This line re- 
presents the time it takes point .1 to go around the circle and is 
measured in degrees 0 to 360. Divide the circumference of the circle 
into the same number of divisions as there are in the horizontal line. 
A vertical line from each one of these division points on the cir- 



cumference to the horizontal line through C represents the value of 
voltage generated at this particular instant by the coil in passing 
through the pole flux. These lengths laid off vertically on the hori- 
zontal line will give points through which the sine curve can be 
drawn, as shown in Fig. 4. 

The voltage curves for generators do not conform to the sine 
wave usually pictured, but take shapes similar to those shown in 
Fig. 5. These shapes give better operating results and are used with 
practically all commercial machines. The shape of this voltage wave 
can be changed to any desired form by changing the contour of 
the pole face. In this figure the pole face is- flat and the air gap 
uniform, which produces the wave form shown. If the pole face 
was changed slightly so as to weaken the flux density at the front 
and rear sides of the pole, the wave form would be more peaked 
and would look more like the sine wave. The wave form shown 
in Fig. 5 is made by a single coil in the armature slot. Commercial 
generators ordinarily have more than one coil per slot so the wave 
form is not quite so flat topped but is more like the sine curve. 
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PHASE 

The term phase, as used in electrical work and in literature, has 
two separate and distinct meanings. Unless these are clearly and 
definitely understood a great deal of confusion may result. One 



meaning of the term phase has to do with circuits. Single-phase, 
two-phase, three-phase, and six-phase circuits are frequently men-- 
tioned in discussing alteinating-current circuits. 

A single-phase circuit may be defined as one which has voltage 


i- 
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impressed upon it from only one alternating-current source. A 
single wire or coil revolving in a magnetic field will produce a single- 
phase circuit. The revolving coil shown in Fig. 3 would be a single- 
phase generator. The number of turns or the number of loops would 



not change the j)hases which arc also indepc^ndent of the number 
of poles as shown in Fig. 6. Although this machine has four poles 
and two loops, it is only a single-phase generator, as there is only 
one voltage wave acting on any circuit connected to the slip rings. 



Fir, 8 . Voltage Waves Genorated by Two-Phase 
(generator — A Two-Phase Voltage Curve 


A two-phase circuit in reality is two separate single-phase 
circuits, each with its own voltage wave impressed upon it. These 
two equal voltage waves are 90 degrees apart and always maintain 
this relationship. Fig. 7 shows a simple two-phase generator with 
the two separate windings 90 degrees apart rotating on the same 
shaft. This also shows the required two sets of slip rings and the 
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independent circuits 1 and 2 having absolutely no electrical con- 
nection with each other. The voltage waves produced by this gen- 
erator are shown in Fig. 8. These are 90 degrees apart at the start 
and always maintain this relationship because the coils in the 



Fig. 9. Elementary Three-Phase Generator with 
All Six Leads Brought Out 


generator generating the electromotive forces are set at the same 
angular displacement and cannot shift position. 

A three-phase circuit is one in which three separate equal 
voltage waves are impressed 120 degrees apart on three circuit 
voltages. These may function on six wires but three wires ordi- 
narily make a three-phase circuit. Fig. 9 illustrates a three-phase 



Pig. 10. Voltage Waves Generated by a Three-Phase 
Generator — A Three-Phase Voltage Curve 


generator with all leads brought out to six-slip rings making a six- 
wire three-phase circuit. This is in reality three separate single- 
phase machines operating in the same magnetic field which makes 
all voltages equal. These circuits are often referred to as phases A, 
By and C especially in line work and armature winding in order to 
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keep connections in correct order. The voltage waves shown in 
Fig. 10 show the relationship and position of the various voltages in 
a three-phase circuit. Because of the 120-degree spacing of the coils 
on this generator, all three voltage curves remain this same distance 
apart as shown in Fig. 10. A three-phase circuit has this particular 
characteristic. The instantaneous value of the voltage on one phase 
will be exactly equal to the algebraic sum of the voltages on the other 
two phases. Take tlic point where phases 1 and 3 cross below the line. 


N 



Fig. 11. Three-Phase Generator with Usual 
Internal Connections and Three Leads Brought 
Out 


Measure this distance, and it will be found to be just half the distance 
to phase 2 above the line. This means that the sum of the two nega- 
tive voltages on phases 1 and 3 will just equal the positive voltage on 
phase 2. All other points will give identical results at any position 
checked. 

Because of this voltage condition on a three-phase circuit, the 
coils can be connected together inside the generator making only 
three slip rings necessary as shown in Fig. 11. This arrangement of 
coils enables each line to be a part of two phases as shown by A, 
B, and C, and each ring serves two coils in the generator which is 
standard in winding practice. 

The other meaning of the term phase has to do with current 
apj^ voltage relations within the circuit itself. When a load having 
ohmic resistance only is connected to a source of alternating-current 
voltage, the current wave will follow the voltage wave instantly, 
which means that current will be zero when the voltage is zero and 
reach a maximum value when the potential is at the peak, as shown 
,by the curves in Fig. 12. The current and voltage are said to be in 
phase when this relationship exists. 
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A very few alternating-current electrical circuits have only 
ohmic resistance opposing the flow of current in them. Inductance 
or capacity, and in some cases both, are present along with the 
ohmic resistance to limit the flow. Inductive reactance is caused 
by the magnetic effects set up when alternating current flows in 




Fig 12 Voltage and Current in 
Phase m a Single*Pha8e Circuit 


Fig 13 Voltage and Current Out of 
Phase in a Single-Phase Circuit 


coils with an iron core such as are found in transformers, motors, 
and choke coils. This inductive effect from the alternating magnetic 
field acts like counter electromotive force on the flow of current 
and delays the time when it reaches a maximum value. Whenever 
this condition exists in a circuit, the current is said to be lagging 
behind the voltage and is out of phase as shown by Fig. 13. In 
this case the voltage and the current do not pass through zero or 
reach a maximum value at the same time. The current passes 

INDUCTANCE 

RESISTANCE 

Fig 14 Choke Coil and Resist- 
ance in Single Phase Circuit 
Producing Effect Shown in 
Fig 13 

through zero at a later time and reaches a maximum later than 
the voltage maximum. The angle between them, measured along 
the horizontal line between the points where the curves cross it, 
is called the phase angle between the current and the voltage. The 
cosine of this angle is the :pow§r iactor for the circuit. Fig. 14 
shows a choke coil in series wiih resistance connected to a source of 
alternating current producing the effect shown in Fig. 13. All three 
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types of opposition to current flow, whether it is ohmic, inductive, 
or capacity, are measured in ohms. These combine differently in 
an alternating-current circuit than the ohms of a direct-current 
circuit. Inductive ohms and capacity ohms act at right angles to 
the resistance in the circuit when both arc present. Fig. 15 shows 
three conditions which may exist in an alternating-current circuit. 
In Fig. 15 at A is illustrated the relationship existing in a circuit 
of the typo shown in Fig. 14. The three sides of the triangle are 
made from the following: the base R is the ohmic resistance, the 



Fiff 15 Tnanffiilar Relations of A — Resistance and In- 
duitance, H — Resistant e and (’ava<it\, and C — Rcrsis- 
tance, Inductance, and Capacity These control the cur- 
rent flow in an aHernating cm rent circuit 


altitude Xh is the ohms reactance due to the magnetic effect, and 
the hypotenuse Z is the impedance or actual resistance to the flow 
of current in this circuit. In all mathematical calculations involving 
Ohm’s law in alternating-current circuits, the current is obtained 
by dividing the volts applied to the circuit by the impedance. Im- 
pedance in each case must be found from the triangle developed 
in Fig. 15 at A, B, or C as the circuit conditions demand. In Fig. 
15 B shows how capacity and resistance combine to control the 
current flow when capacity is present. C illustrates the combined 
effects on the impedance of a circuit having resistance, inductance, 
and reactance. The magnetic and capacity effects are 180 degrees 
apart and neutralize each other leaving only the difference to com- 
bine with resistance to form impedance. Because of this neutraliz- 
ing action betvveen capacity and induction, it is possible to change 
the power factor ot any alternating-current circuit. On account of 
these magnetic effects, capacity in the form of static condensers 
or synchronous condensers is used to correct poor power factor. 

The phase angle between the impedance and the resistance 
in Fig. 15 is the same as the angle between the current and the voltage 
in Fig. 13, because the current lag is caused by the same magnetic 
effect which determines the size of the angle ^ in the triangle. 
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POWER FACTOR 

Power factor is the ratio of true power to apparent power. It 
is the wattmeter reading divided by the apparent power. The appar- 
ent power is the product of the ammeter reading multiplied by the 
voltmeter reading. This division gives the power factor, because the 
triangle of real watts and apparent watts is similar to the impedance 
triangle shown in Fig. 15. 

The power triangle shown in Fig. 16 is made from the volts and 
amperes which are the apparent watts in the circuit and the watt- 
meter reading. The magnetizing power may be measured with a 

MAGNETIZINO 
POIV£«? 

REACTIVE COMPONENT 


Fig. 16. Power Triangle of an 
Alternating-Current Circuit 

reactive meter or may be calculated from the two previous sets 
of readings in the same way that the sides of any right-angled tri- 
angle may be found. Or the angle may be found from a table of 
cosines, as the wattmeter reading divided by the apparent watts 
gives the cosine A protractor is used to lay off the angle and 
the magnetizing power is determined. This is a graphic method 
often used as a check on mathematical calculations. The reason 
these triangles are similar is due to the fact that inductance in an 
alternating-current circuit divides the current and voltage into 
two components, one acting on the resistance to produce useful 
work, and the other acting on the reactance to overcome the 
magnetic conditions in the circuit shown in Fig. 14. 

TYPES OF WINDINGS 

An alternating-current generator is a machine used to produce 
alternating current. It is made with three different types of wind- 
ings to produce single-phase, two-phase, or three-phase current, de- 
pending upon what application is to be made of the power derived 
from the machine. 

Direct current is almost always employed for exciting the 
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fields of alternating-current generators or synchronous motors. These 
direct-current exciters may be separately driven or mounted on 
same shaft as the alternator. Separately driven exciters are pref- 
erable, because they give more stable voltage conditions than the 
direct-connected machines. Exciters mounted on the same shaft 
with the mam generator cause double the voltage variation with a 
change in speed as a separately driven unit, because an increase in 
speed will not only raise the alternator voltage but will increase th(‘ 
exciter current through the field. Thus a one per cent rise in speed 



Fipr 17 Siiiitrlp Phnfie 4 Polo R^volvinpf Piold Type 
of an Alternuting Current Generator with Only One 
Gioup of Coils 


will not only raise the alternator voltage one per cent but will at the 
same time increase the feld one per cent which would make two 
per cent change on the main line voltage. Separately driven units 
are more flexible in a large plant as one exciter may be made to 
supply the field for one or more generators, or exciters may be op- 
erated in parallel with other direct-current machines doing the 
same service. * 

Single-Phase Alternator. As explained in the earlier pages of 
this lesson, a single-phase alternator is made with but a single wind- 
ing in the part connected to the line and supplying power. The 
field may be made with any number of pairs of poles. Fig, 17 
illustrates a single-phase, 4-pole, revolving field type of alternating- 
current generator. The moving parts of alternating-current ma- 
chinery are nearly always referred to as the rotoT while the stationary 
part is called the stator. The slip rings supplying the field are 
connected to some source of direct current. There is but a single 
set of coils on the stator and hence only one source of voltage which 
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makes this machine a single-phase alternator. In many cases a 
three-phase generator is so connected that two-thirds of the coils 
are used for a single-phase machine. This arrangement will permit 
the machine to deliver 65 per cent of its three-phase capacity. 

Any machine operating as a single-phase alternator should be 
very carefully laminated throughout its magnetic circuit to reduce 
iron losses, and the pole shoes should have a heavy squirrel cage 



Fig. 18. A Partial Rotor Assembly Showing; Mothod of FaRtcnmg Field Coils and Poles 

to Botor 

Courtesy of EUctric Moifutteiy and Manufacturing Company 


winding provided to damp out the pulsating effects of the armature 
rotation. Fig. 18 shows a sectional view of a rotor with the squirrel 
cage winding in the pole shoe. These iioles are assembled from 
their laminated punchings riveted together under hydraulic pressure. 
The squirrel cage or damjier winding is welded on each side to insure 
a low resistance circuit completely around the rotor as this greatly 
increases the effectiveness of this type of winding. 

For the same kilovolt amperes output, single-phase generators 
are fully 65 per cent heavier than a polyphase generator of the same 
power factor, speed, and voltage. This makes them not only more 
expensive to build, but increases all other investment costs. 
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Single-phase generators find application in electrochemical 
processes and some railway systems use single-phase power. Weld- 
ing transformers and electrical furnaces use single-phase generators, 
so power sometimes has to be supplied for these particular applica- 
tions where access to a power company line is not convenient. They 
also find some service in testing and experimental work. 

Single-Phase Two-Wire System. The single-phase generator 
connected to a line gives the two-wire system as shown in Fig. 17. 
As alternator voltages arc usually higher than secondary distribu- 
tion voltages, a transformer is required between the generator and 
the load. The voltage used on a two-wire system is usually 110 
volts and alternators generate 220, 440, 1300, 2300, 4000, 6600, 



Fig. 19. Edison Direct-Current Three- 
Wire Sjstera 


13,200 and a few 33,000 volts. The transformer ratio to produce 
110 volts on the line will depend upon the voltage at the source. 

Single-Phase Three-Wire System. The single-phase three-wire 
system has the same advantages for alternating-current systems 
as obtained with the three-wire direct-current systems discussed in 
Lesson 28. It is usually obtained on an alternating-current line by 
using a center tap on the secondary winding of the transformer. 
This method of obtaining the three-wire system has the added ad- 
vantage of being able to handle any amount of unbalance there 
might be, wherca*?, the balancer systems are definitely limited in 
ability to handle over a certain per cent of unequal load. 

Edison System. The Edison three-wire system for direct cur- 
rent was originally developed and used by Thomas A. Edison. He 
connected two 2-wire generators in series and connected the middle 
wire to the center point of the two machines as shown in Fig. 19. 
This arrangement provided two voltages, one for light and the other 
for power and, at the same time, cut down transmission losses. Any 
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amount of unbalance in the load is taken care of without additional 
equipment. However, too much unbalance causes an excessive 
voltage on the side of the line with the smaller load. A similar 
system is used for alternating cmrent from taps on transformer 
windings. 

Two-Phase Alternator. The two-phase generator is exactly like 
the single-phase alternator except that it has two separate windings 
on the stator. These windings make two entirely separate electrical 
circuits which have no connection with each other. The second 
winding, phase two, is spaced exactly between the coils on the 


PHASE NO I 


PHASE NO 2 


Pig 20. Two-Phfihe 4 Pole Revolving Field Type of 
an Alternatmg*Ourient Generator with Only Two 
Groups of Coils 

generator in Fig. 17. With the poles in the position shown in this 
figure, the voltage on 'phase 1 would be at a maximum as illustrated 
by the voltage at the start in Fig. 8. At this instant the voltage on 
phase 2 is zero because the pole flux is not cutting the coils on this 
phase at this instant. The position of the poles one-eighth of a 
revolution later. Fig. 20, indicates that the voltage on phase 2 is maxi- 
mum and phase 1 has decreased to zero. This condition is shown in 
Fig. 8 at point marked cycle. Because these curves are 90 electrical 
degrees apart and always remain in this relative position, the two- 
phase system is sometimes called the quarter-phase system, this 
being just one-fourth of a cycle which is 360 degrees. 

Four-Wire System. An inspection of Fig. 20 shows four wires 
required to complete each of the circuits for the two phases. Whether 
these circuits are used for supplying power for lights or motors, they 
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are complete and independent throughout with the voltages remain- 
ing on the quarter-phase angle with reference to each other. 

Three-Wire Two-Phase System. The two-phase four-wire 
system may be converted to a three-wire system by making one line 
wire common to both phases or circuits. In order for this wire to 
handle the currents in both phases, the area of copper must be ap- 
proximately 41 per cent larger than either of the other two. The 
current caused by the common wire is exactly the square root of 
two which is 1.41 times the current in either outside line. 

The principal reasons for developing polyphase systems was 



Fig 21. Three-Phasf* 4-Pole Revolving Field Type of 
an Alternating Current Generator with Only Three 
Groups of Coils 


for the use of electric motors and savings in transmission costs. 
The early single-phase motor would run, but no means was 
known for developing torque for starting. Primarily, to meet this 
situation, two-phase systems were put into use. As soon as the three- 
phase circuit was discovered, its numerous advantages over a two- 
phase circuit made it so popular that very nearly all power systems 
changed over and the two-phase circuit has almost become history. 

Three-Phase Alternator. The three-phase alternator is made 
by adding another phase to the two-phase machine. The addition 
of another set of coils makes a considerable difference in the voltage 
relations as will be seen from an inspection of the voltage curves 
shown in Fig. 10. The two-phase voltages were 90 degrees apart 
while these curves are separated by 120 degrees, which relationship 
is always maintained due to mechanical arrangement of stator coils. 
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This three-phase relationship is obtained by winding three sets 
of coils on the stator. They are practically always spaced 60 degrees 
apart, and one group is reversed so that the electromotive forces will 
be separated by 120 degrees. In Fig. 21 is shown a three-phase 
stator with the necessary three groups of coils. These are spaced 
exactly 60 degrees apart and all six ends brought out for each circuitj* 
The pole position with reference to the different phases will give 
instantaneous voltages shown at the start of Fig. 10. The instan- 
taneous voltage on phase two is at a maximum but is negative and 
is just starting toward zero, while the instantaneous voltages on 
phases one and three are both positive, but one is on the increase 
and three is already decreasing. This condition is explained from 
an inspection of Fig. 21. The two south poles are exactly under the 
coils in phase two producing a maximum negative voltage as shown 
by Fig. 10. The two north poles are partially over both phases one 
and three. As the rotor is revolving in a clockwise direction, the 
north poles are approaching phase one thus increasing the voltage 
positively, as shown in Fig. 10, and leaving phase three which 
causes a decrease in voltage as shown on the curve for phase three. 

The leads to phase one have been reversed, which changes the 
voltage relations in the three phases from 60 degrees to 120 degrees. 
Windings for two- and three-phase stators are never wound, as shown 
in Figs. 20 and 21, this plan being used for simplicity in showing 
the phase relations. Factory windings for these machines would 
place sides of different coils in the same slot where the currents in 
the two sides would be in the same direction, as this arrangement 
gives more effective use of the iron. The diagrams become involved 
and diflScult for the beginner to follow and understand the volutions 
in the various phases. 

Six-Wire System. If all leads of the three-phase groups are 
brought out as shown in Fig. 21, six lines will be required and the 
system would be known as the six-wire system but would be only a 
three-phase system. This arrangement should not be confused with 
the conditions made by the windings of the ordinary three-phase 
alternator where six coil groups are used for each 360 magnetic 
degrees or pairs of poles. This coil arrangement would cause six 
different electromotive forces winch woule be 60 degrees apart or 
one-sixth of a cycle and would be known as a six-phase system. 
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If, however, the coil leads are connected either star or delta and three 
leads connected to the load, the resulting currents will differ in phase 
by 120 degrees. Thus an alternator may be either a three-phase or 
a six-phase machine depending upon the connections to the load. 

Star«Connected=Four=Wire System. Figure 22 shows the coil 
groups in eacli phase connected together and the groups arranged 
at the 120-degree pliase angle existing between each phase in the 
alternator shown in Fig. 21. Because of the fact that the instanta- 
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Fig 22 A — Schiniatic Diagram of a Three Phavo Generator and a Six-Wire Systcrm; 
B — Three-Phase (lonerator Windings Y-Connected, Forming a Three-Wire S.vhtem 


neous value of voltage or current as shown by the curves in Fig. 10 
is zero, each wire will act as a return for the other two. This makes 
possible the connection of the coil ends at the center of Fig. 22 at A 
which eliminates one wire from each phase and results in the wiring 
connection shown at R. \ ground wire is frequently connected to 
the center tap and carried with the phase wires from the alternator 
through the whole distribution system. When this is done, the 
circuit is called the four-wire three-phase system. 

The star connections of the coils, shown in Fig. 22 at B, places 
two groups of alternator coils in scries for a one-line phase at the 
angle of 120 degrees. This results in a higher voltage on the line by 
the square root of 3 or 1.73 over the electromotive force obtained 
from one group of alternator coils with the connections as shown at 
A. Thus the altcinator would have a higher voltage output but a 
more limited current output with this connection, no gain in power 
being accomplished. 

The four-wire system of distribution permits an increased load 
on a three-wire line of nearly 75 per cent. Higher voltage trans- 
formers and motors may be used with resultant savings. Where 
this system has been tried, it has proved very satisfactory and ap- 
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parently no more hazardous with a good ground network than other 
grounded systems. A power company having a three-wire un- 
grounded system can, by increasing the generating capacity, chang- 
ing the transformer connections, and using the fourth grounded wire, 
increase the total load on the lines practically 75 per cent. 

DeIta-Connected-Three*Wire System. Figure 23 shows the three 
coil groups for each phase in such a way that when they are joined 



^ Pig. 23. ^ 

Three-Phase Delta Connection — Six Wirefs and Three Wires 
il— Another Method of Showing a Three-Phase Generator Windings and a Six-Wire 
System; B — Three-Phase Generator Windings Delta-Connected, Forming a Three- 

Wne System 

together they form a triangle or circular arrangement. Since there 
are 360 degrees in one cycle, this makes the three lines 120 degrees 
apart with reference to their phase relations. The delta connection 
gives the same voltage on each phase as the generator coil groups pro- 
duce, but it increases the current delivered to the line by the square 
root of 3 or 1.73 due to the phase relationship. 

The delta system is used extensively for transmission and dis- 
tribution work. This connection is frequently used in winding induc- 
tion motors as well as alternators. The power measured in kilovolt 
amperes is the same in an alternating-current generator regardless 
of the coil connection. With the star connection the voltage is 
higher by the square root of 3 and with the delta connection the 
current capacity is increased by the square root of 3 while the voltage 
remains at the single-phase value. Expressed mathematically, the 
power of the three phases of an alternator is: P=E/ X VsT where 
P is the power, E the voltage, and I the current for each phase 
as shown at A, Fig. 22. In the three-phase star-connected arrange- 
ment shown at B, Fig. 22, this becomes P= (sq. root of 3) X E X I, 
where P is the three-phase power and E and I are the voltage and 
current the same as in the single-phase circuits. Power for the delta 
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connection is given by the formula P=E X (sq. root of 3) X / ®nd 
applies to B, Fig. 23. Thus power is the same from an alternator 
regardless of which connection is used, but the star or Y connection 
delivers higher voltage to the transmission while the delta connection 
raises the amount of current which can be supplied, the voltage re- 
maining the same as the single-phase potential. 

CONSTRUCTION OF ALTERNATORS 

Rating. The heating caused by the current in an alternator 
will determine its output. At normal voltage and normal current, 
a generator should not heat to a greater temperature than 40® C and 
should deliver its definite kilowatt rating at unity or 100 per cent 
power factor. Since the connected load determines the power factor 
at which the alternator must operate, its rating is usually given in 
kilovolt amperes, which is less than a kilowatt unless the power factor 
is unity. The rating if given in kilowatts is easily changed to kilo- 
volt amperes by dividing the kilowatts by the power factor. A 
machine with a rating of 100 kilowatts would become a 125 kilovolt 
ampere rating at 80 per cent power factor. Ratings are frequently 
given in kilovolt amperes at 80 per cent power factor on the name 
plate of the machine. 

Mechanical. Alternators may be made with revolving armature, 
where the generating coili. rotate, or with rotating fields with the 
generating coils stationary. Practically all commercial machines 
use the latter construction while a few small alternators are built 
with moving coils. These require all the power current to be picked 
up with brushes on slip rings and more difficulty is experienced in- 
sulating the higher voltages found on the generating coils. Lighter 
moving parts cut down vibration with revolving field types and make 
machines with ^css weight per unit of output, all of which accounts 
for the preference shown for revolving field alternators. 

The rotor or armature of the stationary field type of alternating- 
current generator is made by assembling laminations punched from 
special electric sheet steel. These punchings are varnished with 
special core varnish and assembled under pressure on a cast or steel 
spider to which they arc securely fastened. Spaces are left when 
assembling to permit free circulation of cooling air. The coils on 
lower voltage armatures are wound with double-cotton or single- 
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cotton enamel magnet wire. These are then taped with cotton and 
oil linen tape, treated with waterproof and oilproof baking varnish, 
and dried in an oven at controlled temperatures. Slot insulation is 
made from a combination of insulating paper and varnished cloth. 



Pig. 24. An Alternating Current Generator with a Direct*Connected Exciter 
Courtesy of hnptnal Lhctric Company 

The coils are held in the slots with wood or fiber wedges which fit 
into dovetails in the teeth of the rotor. 

The collector rings for revolving coil armatures are made of 
special bronze in order to imiirove wearing qualities and have low 
contact drop at the brushes. These rings must be thoroughly in- 
sulated from the rotor spider and yet be securely fastened to it. 
Fig. 24 shows an alternating-current unit made in capacities from 



Fig 25 Alternating-Current Winding on Rotor of Alternator 
(Right) and Dnect Current Armatme of Exciter (Left) 

Mounted on Same Shaft 
Courtesy of Tioy Engine and Machmi Company 

I to 150 kilovolt amperes with an exciter unit mounted on the main 
shaft. Fig. 25 shows the rotor element with the direct-connected 
exciter unit. Note the heavy-duty slip rings and the wedges hold- 
ing the coils securely in the slots. 

Armature Windings. The most important of several factors 




22 TYPES OF ALTERNATING-CURRENT GENERATORS 


which affect the arrangement of the windings used on an alternator 
are: (l)^wave shape; (2) coil distribution; (3) winding costs; and 
(4) efficient generation of voltage. Some other features, such as 
number of poles and frequency, will be determined by the speed to 
be used, and will also have their effects on the armature windings. 

The wave shape should approximate the sine wave, which would 
mean coil distribution up to certain limits. In order to obtain the 
required distribution to produce the desired wave shape, the coils 
must occupy several slots per pole per phase. These may be a whole 
number, but it is not necessary as slots per pole per phase may 
give a satisfactory wave form. Wave form is also frequently im- 
proved by using a fractional pitch winding. A fractional pitch wind- 
ing is one which spans fewer slots than the pole covers which would 
make the coil sides somewhat less than 180 electrical degrees apart. 
This sometimes is reduced to .66 and even .5. 

Distribution of windings makes better ventilation possible and 
helps reduce leakage reactance as well as improve the wave shape. 
However this is limited, particularly on high voltage machines, as 
more insulation must be used between layers in slots and less room 
is available for copper. End turns must also be more carefully in- 
sulated. 

The cost of winding is an important item for consideration in 
constructing an alternator. Coils which can be formed and insulated 
before being placed in the slots very materially reduce costs and 
are better insulated. Form wound coils should all be the same shape. 
They require that the slots be open at the top, which reduces the 
efficiency of operation of the machine. However, these open slots 
may be closed or partially closed with magnetic wedges.^ 

Efficient gene'ration of voltage requires that the winding must 
be arranged so there is very little bucking action present. To avoid 
this trouble, the cods must be very nearly full pitch, that is, the sides 
must be approximately 180 degrees apart magnetically. 

A careful analysis of the foregoing facts indicates that satis- 
factory winding of a machine will depend upon what is desired in 
the way of operating requirements such as wave form, efficiency and 
regulation as well as the first cost involved. Where conflicting vari- 
ables occur, a compromise must be made which best meets the re- 
quirements. If the alternator is wound with three-phase windings, 

fiO 



TYPES OF ALTERNATING-CURRENT GENERATORS 23 

thcsG may be star- or delta-connected. In many cases there may 
be two independent groups of coils for each phase, especially with 
motor windings. Two sets of coils per phase make the machine 
easily converted into double normal voltage. A 220-volt connection 
can be made into a 440-volt winding by simply putting the groups 
in series. 

Figure 26 shows a winding diagram for an alternator having 18 



Fig. 26. Throe-Phase Alternator Winding with 18 Slots, 18 Coils, 2-Pole Star- 

Connected 


slots with 18 coils two-pole star-connected. This makes 6 coils per 
phase and 3 coils per pole per phase. The pitch is full being 1 and 10. 
Phase 1 is shown in light lines, phase two in heavy lines, and phase 
three in broken lines. This is a very simple connection and is shown 
to give the idea of the winding layout. In practice more coils would 
be used and the coils would be placed with sides of different coils 
in the same slot, as current directions are such in three phase as to 
permit this practice. 

REVOLVING FIELD ALTERNATOR 

The revolving field alternator is built in all types including the 
belt-driven, high-speed direct-conneettid steam engine, slow-speed 
type, Oiesel engine, turbo-generator, and the water-wheel type. 
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Figure 27 shows a high-speed alternating-current generator made 
with either two or three bearings for belt drive or with one or two 
bearings where it is coupled to the prime mover. This unit is designed 
especially for use with oil, gas, or steam engine and built in capaci- 
ties ranging from 12^2 to 1250 kilovolt amperes 60-cycle with speeds 
from 514 to 1800 r.p.m. Note the open frame construction with 
the ducts at frequent intervals in the stator laminations. The air 
enters the machine through the end brackets, passes over the stator 
and field coils as well as through the stator core. This is accom- 



Fig. 27. Westmghouse Type O Alternating Current Generator with Ex- 
citer Mounted on End of Generator 

plished by an am])le system of ducts and baffles which prevents recir- 
culation of the heated air, A sealed type of sleeve bearing, made oil, 
vapor, and dust tight, reduces bearing wear to a negligible amount. 

Stator. The stator frame of this machine is made of grey cast 
iron with the feet cast integral with the frame. The modern trend 
in all frame construction is toward rolled and welded steel frame 
construction. The core is built up with high-grade annealed steel 
sheet punchiiigs dovetailed into transverse ribs in the frame. These 
laminations are compressed between end rings and keyed in place. 

The coils are form wound from double cotton covered wire 
with the slot portions wrapped with fish paper and mica. This in- 
sulation is not affected by heat or moisture, and age has very little 
deleterious or harmful effect on its insulating qualities. Every stator 
is given a radio frequency test which indicates insulation defects on 
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individual turns. In this way the factory knows that each machine 
is free from defective coils. This defeats the chief cause of electrical 
breakdowns. Fig. 28 shows the high-frequencj^ test being given to a 
large stator in process of construction. 



Fig. 28. Testing Alternating Current Windings with High-Frequency Alternating Current 
Courtesy of EUctnc Machinery and Manufacturing Company 


Rotor. The spider of the rotor is built up with steel punchings 
riveted together under hydraulic pressure. This core is then pressed 
and keyed to a steel axle shaft or a forged flange steel shaft for 
single bearing machines. The pole pieces are assembled from the 
electrical steel laminations riveted together under pressure. These 
poles are tightly dovetailed into rotor spider and keyed in position. 
The whole shaft and rotor is made with ample strength to withstand 
the variations in angular toraue produced by Diesel engines. 

The field coils are wound with copper straps or rectangular 
double cotton covered wire. As these are wound, an application of 
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insulating vamish is made to each layer and the whole coil is then 
impregnated with heat-resisting compound. Each coil is carefully 
insulated from the core and supports arc provided to protect the 
coils against centrifugal forces and strains during operation. Fig. 
29 shows a rotor used with the larger machines of this type. Note 
the damper winding provided near the pole faces to minimize hunt- 
ing and variations in speed of certain types of prime movers. This 
addition to the rotor winding is almost a necessity where gas or 



Fig 29 Field Winding Mounted on the Rotor of a Large Alternator 
Courteny of Wcstuiy house EUctnc and Manufacturing Company 


Diesel engines are used for motive power. Cast-iron collector rings 
are used almost exclusively on rotors magnetized from a direct- 
current source. 

Exciters for these alternators arc usually mounted directly to 
the frame of the generator with the exciter armature mounted on an 
extension of the rotor shaft. This eliminates the necessity for exciter 
bearings. In apjilications where direct-connected exciters are not 
desirable, any method of drive may be resorted to. Dual drive is 
frequently used in larger power houses with motor drive a highly 
favored method Gas, steam engine, turbo, and water-wheel units 
are frequently used to power exciters. There are a few installations 
where V-belts are used from the main alternator shaft to the 
exciter. 
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SLOW-SPEED ENGINE-DRIVEN GENERATORS 

The slow-speed generator is from necessity a massive piece of 
equipment with large weight per kilovolt amperes of output. Slow- 
speed machines require a larger number of poles to produce a given 



Pig so Enginf* Dri\en T>pe of 
Alternator 1 he Shaft and Bear- 
ings are Built ns Part of the 
Fngine 

Courtesy of Genet al EUctnc Company 

frequency than is required with high-speed machines. In order to 
accommodate a large number of poles, the rotor diameter must be 
increased over what is required in more rapid moving elements. 
With slow moving field poles, larger sizes must be provided to 
furnish the magnetic flux necessary to generate the proper voltage. 
This leads to longer stator coils with increased iron in the stator. 
Figure 30 gives an excellent idea of a slow-speed alternating- 
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current generator used in direct connection to a steam or Diesel 
engine. The open style frame provides ample opportunity for good 
ventilation. The end shields are die formed and thoroughly protect 
the windings without interfering with air circulation over the stator 
coils. A pole piece for this generator is shown in Fig. 31. The damper 
windings are located in the slots in the face of this pole piece. 
The cores for these poles are assembled in the same manner 





Fig. 31. The Pole of a Slow-Speed Engine 
Ty]>e (ionerator 

Court Oil/ of Gimrnl Eh t trie Company 

as other field poles but are drilled and tapped for pole bolts. These 
poles are slightly spiraled on the rotor si)ider in order to reduce 
magnetic hum when the machine is carrying load. The field coils 
arc wound with rectangular double cotton covered wire, as this 
shape increases the coi)per area of the coil. The usual treatment is 
given the coil to properly insulate it. 

These rotors are supplied with or without dam])er windings 
depending upon the oi)erating requirements the machine must meet. 
When these are supplied, they are made fi’om either brass or copper 
bars embedded in the slots of the pole face, fitted into holes in the 
end rings and silver soldered under red heat. The silver solder forms 
a strong low resi.iancc connection and has exceptional penetrating 
qualities. To facilitate pole removal, the end rings are made in 
sections. 

DIESEL ENGINE GENERATORS 

The Diesel Engine generator is of the slow-speed heavy con- 
struction type similar to the macnine just prex^iously discussed. Due 
to the more recent development of alternators for this type of drive, 
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the frame construction is nearly all fabricated, rolled and welded. 
The speeds of these machines very closely parallel those for the slow- 
speed engine type ranging from 257 to 450 r.p.m. Somewhat more 
rigidity must be put into the rotor shaft on account of the tendency 



Fjg 32 A Large Slow Speed Alternator to be Dii\on bj a Diesel Lngme 
Courtesy of Electric Madiwery and Manufacturing Company 


of Diesel engines producing oscillating torque effects. Heavier 
damper windings are used on the poles to aid in smoothing out the 
engine torque when alternators are constructed especially for 
this prime mover. Fig 32 shows a fabneated frame alternator 
built to operate with Diesel engine drive. Note the extremely 
heavy rotor flange to which the poles are bolted. The ad- 
ditional flywheel effect secured with this material is an aid to 
smoother operation of the unit. Even with the heaviest rotors, ad- 
ditional material is required to keep down the hunting tendencies 
of Diesel driven alternators. A heavy flywheel is usually provided 
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for this purpose. Fig. 33 shows a modem Diesel direct connected 
to an alternator with the stabilizing flywheel. Reciprocating steam 
engine driven generators have this same hunting tendency, but it 
is more pronounced in the Diesel so that heavier flywheels are re- 
quired than are ordinarily used with steam units. 



Fig 83 A Diesel liiiigine Plant Consisting of Two Alternators with Direct Connected 

Exciters 

Courtesy of Electric Machine ly and Manufacturing Company 



ALTERNATING-CURRENT 
GENERATORS AND MOTORS 


FOREWORD 

The alternating-current system of power generation and distri- 
bution has been almost universally adopted since the invention of 
the transformer and the induction motor. The transformer has made 
possible the transmission of power over great distances with relatively 
low losses at high voltages and ready step-down to usable voltages at 
the point of use. The relative simplicity of alternating-current 
machines, both generators and motors, allows them to be produced at 
less cost than that of direct-current machines. In addition to the 
advantage of lower purchase price, alternating-current machines, 
because of their reduced number of parts, cost less to maintain. 

FREQUENCY OF ALTERNATING-CURRENT SYSTEMS 

In the early days of power-distribution systems and the manu- 
facture of electric machines, a number of frequencies came into use 
because of lack of standardization and differences of opinion as to 
the best frequency from the standpoint of design. Consequently, 
frequencies of 25, 30, 40, 50, and 60 were used. Proponents of each 
system felt that certain advantages outweighed the advantages of 
standardization. 

Design diflSculties in machines of higher frequency were over- 
come as engineering and manufacturing technique advanced and the 
advantages of higher frequency became obvious. Since high frequency 
eliminates visible pulsation, thus improving lighting service, 60-cycle 
systems have become standard in the United States. The few remain- 
ing systems of lower frequency are rapidly being converted to 60 
cycles to allow interconnection without the necessity of expensive 
frequency-changer sets at interconnecting points. 

Therefore, purchasers of power will find 60-cycle systems avail- 
able in practically every part of the United States. Anyone consider- 


Photographs appearing throughout this aeotion are by courtesy of Genera) Electric Company. 
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ing the installation of an isolated generating plant should plan to use 
the 60-cycle system. The relatively greater availability of 60-cycle 
apparatus and devices, at lower cost, and the possibility of parallel 
or stand-by operation with purchased power warrants such a decision. 

TYPES OF ALTERNATINQ-CURRENT SYSTEMS 

Power will be derived from the incoming circuit of a power- 
distribution company or from one or more plant generators. 

SingIe»Phase Type. The use of single-phase generators for gen- 
eral power is so infrequent that its principle will not be discussed here. 



However, the derivation of single-phase circuits from a power-distri- 
bution system for lighting and for small motor loads is common. 
Single-phase generators are not used for large concentrations of 
power load, but may be used on small motor loads where the cost of 
running three-phase feeders to the motors would more than offset 
the higher cost of single-phase motors and slight added capacity in 
the single-phase line above requirements for lighting only. 

Fig. 1 illustrates the use of an insulating-type, single-phase 
transformer with multiple primary and secondary windings in pro- 
ducing a 115/230 volt, three-wire system for lighting distribution. 
The same transformer with its primary coils in parallel may be con- 
nected across 230 volts, two-wire, to produce 115/230 volts, three- 
wire, on the secondary. As shown, lights and small motors are con- 
nected across 115 volts, and motors ma^ be connected across 230 
volts. Phase wires A and B need be large enough to carry the rated 
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V' 

hva 

output of the transformer, I Neutral wire N need be only 

large enough to carry the unbalance in load between two halves of 



the three-wire system. The load betw^een two halves should be 
divided as evenly as possible. In no instance should unbalance be 
such as to produce current in N in excess of 10 per cent of line current 
in A and B, Otherwise, neither the transformer nor line capacity will 
be utilized efficiently. 

Two-Phase Type. Although gradually being replaced by three- 
phase systems, there are a number of two-phase distribution systems 
in use in this country. Two-phase may be derived directly from 
generator terminals or by transformation from a three-phase system 
to supply existing two-phase distribution systems. 



l^ig .1 Wiring Diagram for Two-Phase, Four-Wire Generator \miU 
Armature Windings 90 Degrees Vpart 


A two-phase alternator has two separate armature windings so 
placed that the voltage generated in each winding is displaced 90 
degrees out of phase with the other. Fig. 2 shows the two voltages 
plotted with one-phase voltage leading the other by 90 electrical 
degrees. Since there are 360 degrees per cycle, one phase leads by 
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one-quarter cycle and, therefore, such units are sometimes called 
quarter-phase generators. 

Fig. 3 shows the winding of a two-phase, four-wire generator. 
Voltages of phases A and B are equal. If the windings are connected 
so that one conductor of each phase is common, as shown in Fig. 4, 
we have a two-phase, three-wire system. When the mid-points of both 
windings of a quarter-phase generator are tied together, as on some 
machines, this system cannot be used. If the voltage of either phase 
is equal to B, then the voltage across the free ends of the intercon- 
nected phase will be equal to E\/2, 

In the vector diagram shown in Fig. 4, the two lines which repre- 



Fig. 4. Wiring Diagram for Two-Phase Generator Arranged for 
Throe- Wiie System 


sent the voltages B are 90 degrees apart and form a right angle. A 
square can be formed by drawing the two dotted lines parallel to the 
lines B, In finding the length of the diagonal line, it is necessary to 
apply the law of the right triangle, which is as follows: The hypote- 
nuse of a right-angle triangle is equal to the square root of the sum 
of the squares of the two sides adjacent to the right angle. Then con- 
sidering the value of B t o be 1, the value of Br is equal to the square 
root of P+P = \/l +1 =\/2 which is 1.414. Therefore, Br =^By/2. 

The current in any wire of a two-phase, four-wire system is 

^ kw ' ^ 

2B 

in which kw is capacity of generator; B, voltage of phase A or R. 
The current in the common or neutral conductor of a two-phase, 
three-wire system is V2 or 1.414 times the current in the other con- 
ductors with balanced load. 
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If it is desired to produce a two-phase, four-wire circuit from a 
three-phase, three-wire system, Scott-connected transformers may 
be used, as shown in Fig. 5. In a two-phase system, since the phase 





PHASE 

A 


PHASE 

B 


Fig. 6. Threcs-Phase to Two-Phase Transformation by 
Scott Connection of Transformers 


voltage is generally 230 volts or 460 volts, a lighting circuit is obtained 
by use of a single-phase 115/230 volt, secondary-winding transformer. 

Three-Phase Type. Three-phase generators have their armature 
windings divided into three sets of coils so arranged as to produce 


PHASBA PHASeC 



PHASe 9 

Fig 6 Voltage Curves for Three-Phase Generator 


electromotive forces 120 degrees apart, Fig. 6. Armatures may be 
either Y- or A-connected, Figs. 7 and 8. In a Y-connected system 
the line voltage Er is greater than the voltage produced by that 
particular phase-winding, as is shown by the vector diagram in Fig. 7. 
By the use of trigonometry, the line voltage Er has been found to be 
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equal to the phase voltage times the square root of 3 or 1 .732 E. The 
current in each line wire is the same as the current in each phase 
winding. 

In a A-connected system, the line voltage is the same as the phase 



Fik 7 Wiring Diagram for Y-Connccted Three-Phase Uenerator 


voltage, but the current per line is the \/3 times the current i)er 
phase. In either system, star (Y) or delta (A) 

W = EI\/^ 

for a noninductive circuit, in which W is watts output, E is ])ressiire 
in volts, and 1 is current in amperes. 

For an inductive circuit whose power factor is less than unity 

W = EI\/Z cos Q 

in whicli cos 6 is power factor. 

When using transfornuTs, a three-phase, three-wire circuit may 
be i)roduced by use of tw o single-phase transformers with secondaries 



74 





OPERATING GENERATORS AND MOTORS 


7 


connected in open delta. This allows minimum first cost with the 
possibility of adding a third single-phase transformer at a later date, 
if load builds up to demand it. 

A major development in recent years is the three-phase, four- 
wire system of secondary distribution for buildings and manufactur- 
ing plants. Where large blocks of power are generated and dis- 
tributed, it is common practice to ground the neutral or common 
point in a Y-(*onnected generator or transformer, thereby creating a 
three-phase, four-wire system. This allows transmission at a voltage 
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Fig 9 Threo-I’lia'sc l\>ui-Wiie Thsli ibution fioni Throe 
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\/3 (1.73) times the phase voltage of the generator or transformer 
windings, resulting in less copper loss and making possible the use 
of lower priced cable. 

The most common voltage used on this system is 120/208 volts, 
Y-connected. It is derived from secondaries of three single-phase 
transformers with 1 20-volt secondary windings, Y connected, as shown 
in Fig. 9. In this system, the voltage from each phase to neutral =iS? 
or 120 volts, and the line voltage, phase to phase, = \/3X^ or 208 
volts. 

In practice, the three phase conductors and the neutral con- 
ductors are carried throughout the plant or building, the three phase 
lines being connected to 208-volt, three-phase motors. One or more 
phase wires and the neutral are used for lighting requirements. Con- 
nection from phase to neutral allows 120 volts for lighting and for 
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small motors, without the need of adding transformers to provide 
lighting circuits. The lighting load is evenly divided between phases 
and neutral so that the neutral conductor need be only large enough 
to carry the unbalance, never greater than 10 per cent. 

System Voltages. The most commonly used distribution systems 
are at 4,000, 2,300, 460, or 240 \olts, all three-phase, three-wire, and 
120/208 volts, three-phase, four-wire circuits. Voltage selection de- 
pends on many factors including kilowatts of load to be distributed 
and distance to be transmitted. If a 2,300 or 4,000 volt distribution 
system is used, it is necessary to install step-down transformers at 
points of use of smaller motors and of lighting. This reduces the 
copper losses and permits use of smaller sizes of cable. A similar 
reduction is necessary for lighting purposes when a 4()0 or 230-volt 
system is used. 

Small plants and buildings may be served by 460 or 230-volt, 
three-phase, three-wire circuits to motors with separate 115/230-volt 
lighting system, or by 120/208-volt Y three-phase, four-wire system. 
Generators can be selected to generate at any one of these voltages. 
The circuit can also be derived from step-down transformers. 

Selection of a Distribution System. Unless some special con- 
sideration incident to existing equipment is required, the system 
selected should be 60-cycle, three-phase, and either 460/230 volt, 
three-wire, or 120/208 volt (Y), three-phase, four-wire. The final 
selection can be made only after a thorough study of all costs in- 
volved for a particular plant or building. 

SELECTION OF GENERATORS 

Modern alternating-current generators, sometimes called alter- 
nators, are constructed with a stationary armature or stator wound to 
produce single-phase, two-phase, or three-phase voltage, and a revolv- 
ing field or rotor excited from a separate 125- or 230-volt direct- 
current source. Machines up to 1,200 r.p.m. have their field coils 
protruding from the rotor and are called the salient-pole type. See 
Figs. 10 and 11. On turbine type generators operating up to 
3,600 r.p.m., the field coils are imbedded in slots of a cylindrical steel 
rotor to reduce noise and wind friction and to provide necessary 
strength for operation at high speed. The exciting current is brought 
to the revolving field through stationary brushes which run on 
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collector rings mounted on and insulated from the shaft. The ter- 
minals of the field winding are brought to these rings. In most 
instances, especially on generators GOO r.p.m. and above, the exciter 
is direct-connected to the generator shaft. The formula. 




r.p.m. 

()0 


( 1 ) 



Fig 10 Revolving Field for 250 Kva (160 Kw), 60 Per Cent 
I*ower Factoi, 1,200 R p m Generator 


where 


/= cycles per second (frequency) 

P = number of poles (always an even number — 2, 4, 6, etc.) 
r.p.m. = revolutions per minute 

determines the fundamental characteristics of all alternating-current 
machines, both generators and motors. Therefore, after the frequency 
of the system is known, the operating speed may be determined. 
Where frequency is, let us say, 60 cycles, the maximum synchronous 
speed of the machine will be 3,600 r.p.m., and so on down to 1,800, 
1,200, 900, 720, 600 r.p.m., and so forth. 

Let us assume that it has been decided to generate all or part of 
the power required in a particular plant or building. The most impor- 
tant problem at this point is to determine the size of the generating 
unit or units required. Generators are rated in kilovolt-amperes at 
0.8 power factor or the resulting kilowatts — for example, 250 kva at 
0.8 power factor or 200 kw — since it may be assumed that the average 
inductive load of motors will be 0.8 power factor, lagging or higher. 
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Generators are designed with fields and exciters of sufficient capacity 
to produce leading kva to offset the lagging kva of inductive loads 
and are sometimes rated 0.7 and O.G power factor or lower for special 
conditions. 

Typical generators of small and medium size are rated as stand- 
ard 125, 156, 187, 210, 250, 312, 375, 438, 500 kva and so forth, up 
to 1,000 kva in standardized steps. Standard ratings are based on 
50°C. rise on the armature for continuous loading at rated kva. 



Fig 11 Statoi for 260 Kva (l^ Kw), 00 For Cent Power Factor, 
1,200 H p m Geiieiator 


Such generators are nominally rated machines. For special loading 
conditions, requiring overload for definite periods, a special rating 
may be purchased — ^for example, rated load 40°C. rise continuous, 
25 per cent overload two hours, 55°C rise; or rated load 50®C. rise 
continuous, 10 per cent overload, two hours. The last-mentioned 
rating is standard for generators driven by Diesel engines. 

The nature of the load will be taken into consideration when 
selecting the size of generating units. Only in rare instances will the 
load be constant over the entire operating period. It is probable that 
there will be an established minimum, for example, 200 kw, above 
which the load will increase during peaks. If, then, we establish 
200 kw as the base load, we may pick a generator of that capacity 
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as the base generating unit, with additional unit or units to carry 
added load to peak requirements. 

Since no generating unit can be considered indefatigable, it is 
necessary to plan for stand-by or spare generating capacity against 
the time when each unit must be taken out of service for periodic 
overhauling or repair. In anticipation of such times, the size of 
units for stand-by or peak requirements should be such that one or 



more of the stand-by units will carry the base load when the base load 
machine is out of service. 

In Fig. 12, 200 kw is base load and 400 kw is maximum load. 
The base load generating capacity should consist of one 200-kw 
machine or two 100-kw machines, with an added 200 kw of capacity, 
either one or two machines, to take care of peaks. Considering the 
setup from the standpoint of stand-by capacity, one machine can be 
taken out of service, leaving 200 or 300 kw of generating capacity, 
which would allow operation at reduced output during a period of 
repair or overhauling. 

Type of Prime Mover. The selection of the prime mover to drive 
the generator depends upon several considerations. For example, if 
suitable boiler capacity is available and exhaust steam is required for 
heating purposes or for process work in a factory, a reciprocating 
steam engine or, more probablv. a non-condensing steam turbine may 
be desirable. The exhaust steam may then be utilized. In many 
instances, process steam at pressures higher than atmospheric pres- 
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sure are required. Then the modern steam turbine with facilities for 
extracting or “bleeding” at different pressures is best suited. Pig. 13 
shows a 2,500-kw, 60-cycle generator direct-connected to a con- 
densing type turbine. 

Comparing these two types of steam-driven prime movers, the 
advantages of the turbine immediately become evident. Turbines 
operate most efficiently at higher speeds, 1,800 or 3,600 r.p.m., where- 



Pig 13 Condensing Steam Turbine Generator Set (2 600 Kw) 


as engines are inherently slow-speed. The combination of a high-speed 
turbine direct-connected or geared to a high-speed generator and 
exciter is a less costly and, at the same time, more efiicient unit than 
the slower speed engine with its generator, usually direct-connected, 
and with a belted or separate exciter set. 

During recent years, the internal combustion engine, notably of 
the Diesel type, has been developed to the point where it can be used 
eflSciently as a prime mover for generators. Diesel engines are avail- 
able in speeds ranging from 277 r.p.m. in larger sizes to 1,200 r.p.m. 
in medium and small capacities. Generators are built to direct- 
connect at any of those speeds. Fig. 14 illustrates typical construction 
of a generator and exciter for coupling to slow-speed engine. 


80 



OPERATING GENERATORS AND MOTORS 


13 


In some cases, a combination of steam-driven and internal com- 
bustion prime movers may be desirable. For instance, during the 
winter months a tiu*bine-driven generator may be desirable to furnish 
exhaust steam for heatmg purposes, with the added requirement of an 
internal combustion driven unit for peak loads. During the months 
that require little or no steam, the load may be carried by one 
or more internal combustion driven generators. 



Fig 14 A-C Generator with Dll ect-Connected Exciter 
(260 Kw, 300 R p m ) 


Mechanical Characteristics of Generators. The nature of en- 
closures, treatment of windings, and other related characteristics of 
alternating-current generators are similar to features described for 
direct-current generators. The same conditions dictate selection of 
different features regardless of the type of system — direct-current or 
alternating-current, single or polyphase alternating-current, etc. 

SELECTION OF ALTERNATING-CURRENT MOTORS 
Alternating-current motors are available in many types for 
operation on all commercial frequencies, 60-cycle predominating; for 
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single-phase and polyphase circuits; and in horsepower sizes for diflFer- 
ent system voltages, as indicated in Table I following: 

TABLE I 

Standard Motor Voltages and Horsepower 


Single-Phase 

1 Two- and Three-Phase 

Voltage 

Min. Hp. 

Max. Hp. 

Voltage 

Min. Hp. 

Max. Hp. 

110-115-120 

220-230-240 

440-550 

No min. 

No min. 

6 

IH 

10 

10 

110-115-120 

220-230-240 

440-550 

2200-2300 

4000-4160 

No min. 

No min. 

No min. 

40 

75 

15 

200 

500 

No max. 

No max. 


GENERAL CONSIDERATIONS 

The following factors should be considered when selecting 
alternating-current motors: 

Horsepower Rating. It is, of course, essential to select a motor 
capable of carrying the required load without overheating and result- 
ant damage to insulation. Modern insulating materials allow a tem- 
perature rise on open motors of 40®C. (55®C. for enclosed motors) 
above an assumed ambient or room temperature of 40°C., or a total 
temperature of 80®C. on Class A insulated motors. Where ambient 
temperatures higher than 4(fC. are en(*ountered, Class A motors 
with lower temperature rise, say 30®C., may be used as long as the 
total temperature does not exceed 90°C. for enclosed motors. These 
limits may be raised to 110°C. total temperature for open motors 
and 115®C. for enclosed motors with Class B insulation. 

Modern (so-called general-purpose) polyphase motors are not 
rated up to their maximum safe output, but have a service factor of 
1.15 at rated voltage and frequency. For instance, if the load require- 
ment is 22, instead of applying a 25-horsepower motor it is permissible 
to use a 20-horsepower motor, since 20X1.15 (service factor) =23 
horsepower, the permissible load, and is within the accepted safe 
limits of temperature rise for the insulation. However, the manu- 
facturer’s guarantees of efficiency and power factor, which are based 
on normal rating, do not apply in those instances where the service 
factor rating is used. 

Loads which are fairly constant tor long periods require motors 
rated at the maximum requirement. For example, let us assume that 
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the steady load for the greater part of the time may be 40 horsepower, 
but under certain conditions the load may rise to 49 horsepower for 
periods of 30 minutes or more. A 50-horsepower motor would then 
be required. This period of permissible short-time overload varies 
from 15 minutes to 2 hours for different sizes of motors, and such 
conditions must be referred to the manufacturer. 

Special-duty cycles, involving large variations in load, accelerat- 
ing, and retardation peaks, and periods of standstill require special 
calculation and should be referred to the manufacturer. A motor 
of correct thermal capacity and adequate torque to handle all loading 
conditions of the cycle will be selected. Too large a motor should not 
be applied — ^first, because of unnecessary cost, and second, because 
an underloaded motor produces poor power fac*tor. (Sec Power- 
Factor Correction in this section.) 

Altitude. Standard ratings of motors are applicable for altitudes 
not exceeding 3,300 feet above sea level. At higher altitudes, the 
temperature rise at rated load will increase approximately one per 
cent for each 330 feet increase in altitude. Special motors are, there- 
fore, required to keep the insulation temperature within allowable 
limits. 

Variation in Voltage and Frequency. The starting torque of all 
alternating-current motors varies with the square of the voltage 
impressed on the motor terminals. For instance, consider a motor 
wound for 220 volts and with rated starting torque equal to 200 per 
cent of the full-load torque. If the system voltage drops to 20G volts, 

200 squared 

the actual starting torque will be — — :X200 per cent or 175 

220 squared 

per cent of full-load torque. Slight changes in frequency will affect 
only the synchronous speed. 

In general, motors will operate successfully (without, however, 
meeting guarantees) where: 

1. The variation in voltage does not exceed 10 per cent above or 
below normal. 

2. The frequency does not vary more than 5 per cent above or 
below normal. 

3. The sum of voltage and frequency variation does not exceed 
10 per cent (provided frequency variation does not exceed 5 per cent) 
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above or below normal voltage and frequency rating as stamped 
on the motor name plate. 

Standardization and Safety. Motors and control must conform 
to local and national standards in order to (1) be allowed connection 
to the power circuit, (2) satisfy safety and fire underwriter require- 
ments, and (3) allow lowest possible insurance rates. Recognized 
standards are as follows: 

1. National Electrical Manufacturers Association (NEMA) standards, which 
specify mounting dimensions for induction motors, allowing ready interchange- 
ability of different makes of motors. 

2. American Institute of Electrical Engineers (AIEE) standards, which specify 
the temperature limits of insulation materials and prescribe methods of rating 
and testing apparatus. 

3. National Electric (NE) code, which is the general guide of city and insur- 
ance company inspectors in determining the type of enclosures and protection 
and installation of motors. 

4. State laws, which are directed to increased safety to life and property and 
reduction of fire hazards. 

6. City ordinances, which may include additional required precautions for 
prevention of human injury or fire damage. 

The products of recognized manufacturers incorporate features which 
satisfy these requirements, and these products may be selected for 
each application. 

TYPES OF ALTERNATING-CURRENT MOTORS 

Alternating-current motors may be classified generally as either 
induction or synchronous types. 

Induction Motors. Induction motors, both single-phase and 
polyphase, are simple in design, sturdy in construction, and require 
minimum care from the standpoint of operation and maintenance. 
They can be started by being thrown directly across the line, or by 
being accelerated automatically with magnetic control devices, with- 
out undue precaution as to sequence of operation by the attendant. 

Induction motors operate at less than synchronous speed when 
loaded, the amount of lag or slip varying with the load. The power 
factor of induction motors is always less than unity and is lagging 
due to the lagging reactive component of magnetizing current. 

All types of induction motors are based upon the principle that 
a rotating field is set up in the stator which in turn induces currents 
in the rotor winding. The reaction between the rotor winding and 
the revolving field causes the rotor to revolve. 
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Squirrel-Cage Induction Motor. The simplest form of induction 
motor is the “squirrel-cage” type, so called because its armature or 
rotating element, with bars short-circuited at their ends by heavy 
copper end rings, resembles a squirrel cage. See Fig. 15. The squirrel- 
cage principle is used in both single-phase and polyphase motors. The 
stator windings are distributed in the same manner as those of an 
alternator. The line leads are connected directly to the terminals of 
the stator, and there are no external connections to the short- 
circuited rotor winding. 












Fig. 16 Showing End Construction of Sciuirrel-Cage Rotor ^ 

Synchronous Motors. Synchronous motors, built commercially 
only for polyphase circuits, resemble revolving field alternators and, 
in fact, can be operated as alternators when connected to a driving 
unit of proper speed. Modern, general-purpose synchronous motors 
are built to operate under conditions of starting and running torque 
comparable to those named for induction motors and are about as 
simple in operation. Their somewhat higher price is not warranted 
in the smaller sizes, but they are available in horsepower capacities, 
speeds, and voltages paralleling induction motors above 20 horse- 
power. 

Synchronous motors operate at synchronous speed and at unity 
power factor, or with leading power factor to compensate for the 
lagging power factor of inductive devices. 

The development of starting equipment, both semimagnetic and 
magnetic, using automatic field application devices, has made the 
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synchronous motor practically as easy to operate as the simpler 
induction motor. 

Single»Phase Motors. Because the squirrel-cage, polyphase 
motor is simpler in mechanical design and superior in operating 
characteristics to any design of single-phase motor, it is recom- 
mended wherever it is possible to obtain economically a three-phase 
service. However, it is recognized that in many locations, such as in 
rural and residential sections and in isolated parts of plants and 
buildings, it is impractical to install a three-phase power circuit for 
one or a few small motors. 

Any Y-connected, three-phase induction motor, when connected 
with two of its line leads to a single-phase power source, will operate 



Fig 16 Squirrel-Cage Rotor for High-Resistance, 
Split-Phase Motor 


as a single-phase induction motor once it is brought up to speed. 
But such a motor has no starting torque because the course of the 
moving field produced by the stator winding is, at standstill, more 
nearly a straight line than a circular one. Therefore, it has no starting 
torque and will not start unless some means is introduced to cause 
phase displacement between the fields sufficient to produce an ellip- 
tical revolving field. The several principles employed to accomplish 
this end make the development of the single-phase motor to its 
present standard of performance an interesting study. 

Split»Phase, Single-Phase Motors. The split-phase motor is 
built with a single-phase stator wmding plus an auxiliary winding in 
space quadrature (90 degrees out of phase) with the main winding. 
This auxiliary winding is similar to the use of the third phase of a 
Y-connected three-phase winding where the third phase is 120 degrees 
out of phase with the main winding. The rotor is of the squirrel-cage 
type. 
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In the early motors of this type, the supply current was divided 
before it reached the motor. One branch passed through a reactance 
to the main winding, and the other passed through a noninductive 
resistance to the auxiliary or starting winding. When current was 
applied to this connection, the motor came up to speed after which 
the starting winding and the line reactance were cut out of the 
circuit by an external manually operated starting box. 

In modern practice, the split-phase motor is built only in small 
sizes up to 34 horsepower, for applications whose torque and duty 



Fig 17 Split-Phase Motor with Rubber Cushion Base 


requirements are not severe. In these motors, the reactance is omit- 
ted ; the extra resistance is produced in the starting winding itself by 
the use of high-resistance wire. The starting winding is cut out of 
the circuit by a centrifugally operated sw itch when the motor has 
come up to speed. See Figs. IG and 17. Required control equip- 
ment is very simple and need be no more than a one- or two-pole 
switch to disconnect the two line terminals from the power source. 

Split-phase motors are essentially constant speed. For very 
special low-torque applications, such as variable speed propeller 
fans, the variable speed is secured by inserting steps of resistance 
in series with the line. This practice is not recommended without 
special care in application, because operation below the speed at 
which the centrifugal switch is actuated will burn out the starting 
winding. 

Repulsion-Induction Single-Phase Motors. The repulsion-induc- 
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tion motor is a self-contained unit capable of starting heavy loads and 
maintaining reasonably constant speed under varying load conditions. 

The characteristics of the direct-current series-wound motor are 
well known. Operating through a wide range of speed and torque, 
this type has, however, no inherent speed regulation and its use is 
consequently confined either to fixed loads, like fans or pressure 
blowers, or to varying loads where the motor-controlling device is 
constantly under the operator’s guidance. The speed, torque, and 
load characteristics of the series-commutator-type alternating-cur- 



Ftg. 18. Rotor for 3 Hp , 1,800 R p.m. RepulBion-Induction Motor 


rent motor being distinctly analogous to that of its direct-current 
prototype, the design fails to meet the requirements of constant-speed 
power service, this service demanding a motor which maintains good 
regulation after having once been brought up to speed, with torque 
values increasing as speed decreases; in other words, characteristics 
approaching those of the direct-current compound motor having the 
usual proportion of series-field winding. 

The repulsion-induction motor, however, gives this combination 
of series and shunt characteristics; that is, a limited speed and an 
increased torque with decrease in speed. In the straight repulsion 
motor, to secure the necessary starting torque, a direct-current arma- 
ture is placed in a magnetic field excited by an alternating current 
and short-circuited through brushes set with a predetermined angular 
relation to the stator. To further improve the operating charac- 
teristics of the plain repulsion motor, a second set of brushes (i.e., the 
compensating brushes) is placed at 90 electrical degrees from the 
main short-circuiting brushes (i.e., the energy brushes). The com- 
pensating field IS auxiliary to the main field and impresses upon the 
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armature an electromotive force in angular and time phase with the 
electromotive force generated by the main field. In addition to 
correcting phase relation between the current and the voltage, thus 
giving approximately unity power factor at full load and power 
factors closely approaching unity over a wide range of load, the 
compensating field serves to restrict the maximum no-load speed and 
also permits, where varying speed service is involved, slight increase 



Jig 19 Repulsion-Induction Motor (1 Hp ) with Sliding Base 


over synchronous values. The compensated repulsion motor is prac- 
tically an induction motor capable of operation either above or below 
synchronous speed, possessing high starting torque and high power 
factor at all loads as well as excellent efficiency constants. The motor 
has no tendency to spark or flash over, since the armature coils, 
successively short-circuited by the energy brushes, are not inductively 
placed in the magnetic field and consequently have only to com- 
mutate a low generated voltage. See Figs. 18 and 19, 

Repulsion-induction motors may be started by throwing directly 
across the line. Starting rheostats are available for use where it is 
desired to reduce starting current to minimum. 

These motors are sold in several types: constant-speed; constant-^ 
speed reversible; brush-shifting, adjustable varying speed (with series 
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characteristics), and adjustable varying speed, reversible. The adjust- 
able varying speed types are applicable to the same type of loads as 
series direct-current motors. They provide 3:1 range of speed adjust- 
ment by the simple expedient of shifting brushes. 

Capacitor Type Single«Phase Motors. The capacitor motor, 
employing a capacitor (static condenser) in the auxiliary winding 



circuit, is a recent development which is proving to be very popular. 
The principle of operation is identical to that of the split-phase motor, 
except that capacitance and inherent resistance instead of reactance 
and resistance are combined to produce the out-of-phase component 
of current with consequent starting torque. 

The stator is wound with a main winding and an auxiliary wind- 
ing spaced 90 electrical degrees out of phase. The rotor is of the 
squirrel-cage type, with the bars and end connections usually of 
aluminum, cast integrally. 

Capacitor motors are of two types: low-torque, for fan duty, and 
high-torque for general-purpose applications. Fig. 20 shows the 
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connections of a low-torque motor with the capacitor permanently in 
the circuit — hence the term, capacitor start and run. In some motors 
the capacitor is in circuit only during starting. Such motors are 


CONDENSE ft-- \ \ 



CRADLE 


Fig 22 Smflll Capacitor Start Induction Motor with 
Motor-Muunt>ed Capacitor and Resilient Base 

termed capacitor-start induction-run. In all sizes, the capacitor is 
mounted externally — on top of the motor in sizes up to approximately 
3^ horsepower, and separately, on wall or floor, in sizes up to 10. 



Rg. 23 High-Torque Capacitor Motor (6 Up ) with Separately Mounted 
Capacitor Unit and Control 


High-torque capacitor motors employ two condensers, one con- 
tinuously rated for running, and the other intermittently rated for 
starting. A relay, mounted in the capacitor box, disconnects the 
starting condenser automatically when the motor has accelerated. 
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Fig. 21 shows connection of the high-torque type, and illustrates the 
need of a three-pole switch. Capacitor motors possess all the desirable 
characteristics of high power factor, high efficiency, permissible start- 
ing current for across-the-line starting, and quiet operation because 
of absence of centrifugal devices and commutator. 

Figs. 22 and 23 illustrate two types of capacitor motors. 

High- and low-torque fan motors may be furnished with adjust- 
able varying speed control, allowing speed reduction of approximately 
35 per cent. Such control is not applicable to high-torque, general- 
purpose motors, but the recent development of two-winding, multi- 
speed capacitor motors opens up that field to this type of motor. 

POLYPHASE INDUCTION MOTORS 

All types of polyphase motors described here are available for 
two-phase as well as three-phase circuits, with the exception of the 
two-speed, reconnected-winding type. 

SQUIRREL-CAGE TYPES 

The squirrel-cage induction motor is tlie simplest type of motor 
available and greatly outnumbers all other types in use. Fig. 24 is 
typical. 

Constant-Speed Squirrel-Cage Motors. The constant-speed 
motor with single stator winding can be altered as to operating char- 
acteristics by changing the design of the rotor. In this manner, torque 
and starting current characteristics are produced to meet various 
operating conditions imposed by different loads and power company 
limitations. These characteristics are summarized as follows: 

A. Normal torque, normal starting current— for general application, and 
generally requiring reduced-voltage starting equipment above 5 horsepower. 
Has low slip for close speed regulation. 

B. Normal torque, low starting current — for general application; designed to 
meet most power company requirements as to starting current for motors up to 
and including 30 horsepower, to be thrown across the line. Has low slip for close 
speed regulation. 

C. High torque, low starting current— designed to accelerate heavy starting 
loads at infrequent intervals, iligh-resistance rotor required to produce torque 
characteristic also produces the desirable low starting current. Has low slip 
for close speed regulation. 

D. High torque, high slip— designed to accelerate heavy loads without shock. 
This type of motor is especially desirable for use with flywheels, because its 
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high-slip characteristic allows variation in speed without objectionable current 
pulsations to line and without undue heating of motor, if load peaks occur less 
than 25 times per minute. 

All of the above types of motors have relatively high efficiency 
and power factor, although the high-slip motor sacrifices some effi- 
ciency. Table II, following, indicates average values for motors 
of the types described above, in ratings 7J4 to 20 horsepower, 1,800 
r.p.m., 60 cycles: 


TABLE II 


Efficiency and Power Factor for Squirrel-Cage Induction Motors 


Type of 
Motor 

II 

Maximum 

Torque 

1 

Per Cent 
Slip 

Startmr Current 
AcroBs-the-Line* 

Efficiency* 

Power 

Factor* 

A 

190 

250 

3 

650 

85 

89 

B 

190 

220 

3 

500 

86 

86 

C 

240 

240 { 

3 5 

500 

84 

84 

D 

275 

280 1 

9 

550 

82 1 

88 


•Per cent of full load. 


Values of starting and maximum torque are in percentage of full- 
load synchronous torque (T), derived from the following formulas: 


ftp. X 5250 

r== 

r.p.m. 


( 2 ) 


where T = torque in pounds at one-foot radius 
hp. = horsepower rating of motor 
r.p.w. = synchronous speed in revolutions per minute 

Syii. speed- full-load speed (3) 

ohp in per cent {at full load) = ^ ^ 

Synchronous speed 


Full-load 


current = 


H orsepowcr X746 (4) 

Line voltage X \/^ X Efficiency X Power Factor 


Efficiency and power factor at full load, expressed as decimals. 

Multispeed Squirrel-Cage Motors. Multispeed motors are a 
modification of constant-speed, single-winding motors, with squirrel- 
cage rotors, and are of the following types: 


1. Reconnectible-winding, two-speed motors, in which a single stator winding 
is reconnected in two different polar groupings, one connection always having 
one-half the number of poles of its complement. For instance, 4/8 poles to give 
1,800/900 r.p.m., 6/12 poles to give 1,200/600 r.p.m., or 8/16 poles to give 
900/460 r.p.m.-— all at 60 cycles. Reconnectible-winding motors are available 
with two speeds for variable-torque, constant-torque, and constant-horsepower 
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applications. This type of motor is not available for operation on two-phase 
systems because of the difficulty of regrouping the coils of a two-phase winding 
to obtain different polar connections. 

2. Two-winding, two-speed motors are built with two separate stator wind- 
ings in the same slots and are, therefore, essentially two separate motors in the 
same frame, using the same squirrel-cage rotor. This type is adaptable to two- 
phase as well as three-phase circuits and is available for variable-torque, constant- 
torque, and constant-horsepower applications. The Iwo sjieeds need not be 
limited to ratios of two to one, as for reconnectible motors, but are necessarily 
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Fig. 24. Low-Voltane, Polyphase, Squirrel-Cage Induction Motor with 
Sliding Base (20 Hp , 1,200 R p.in ) 

limited in range for constant-torque and constant-horsepower types because of 
limitation of output in each frame size. Variable-torque designs allow wide selec- 
tion of speeds in the range 1,800/1,200/900/720/000/450 r.p.m. with 1,800, 
1,200, 900, and 720 r.p.m. being the top speeds for any combination of speeds. 

3. Three- and four-speed two-winding moUirs. A further combination of two 
separate windings, eadi of wdiich is reconnectible in polar groupings, allows the 
derivation of three or four speeds from one motor. This type is limited to three- 
phase circuits for the reason given in paragraph 1 above. For example, one 
winding reconnectible from 4 to 8 poles, and another from 6 to 12 poles gives a 
motor rated 4/6/8/12 poles or 1,800/1,200/900/600 r.p.m. at 60 cycles. Another 
combination available is 6/8/12/16 poles giving 1,200/900/600/450 r.p.m., also 
at 60 cycles. A combination such as 1,200/900/720/600 r.p.m. would require a 
special three-winding motor. Three- and four-speed motors are also available 
with variable-torque, constant-torque, or constant-horsepower characteristics. 

Multispeed motors were aeveloped for applications requiring 
operation at one or more definite speeds below top speed, at relatively 
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high eflSciency and at comparatively low first cost. They meet these 
requirements wherever adjustable-varying speed with a larger niunber 
of control points is not required. 

Multispeed motors are designed with several starting-current 
and torque characteristics. Controlling devices for these motors are 
necessarily more costly than for single-speed motors, but are relatively 
simple. 
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Kg. 25. Open Type Wound-Rotor Induction Motor (40 Hp., 900 R.p.m.) 


WOUND-ROTOR TYPE 

In the wound-rotor type of induction motor, the stator (or 
primary) is wound exactly as in the squirrel-cage type, but the rotor 
(or secondary) is polar-wound, with the ends of the Y-connected rotor 
windings brought out to three collector rings mounted upon and insu- 
lated from the shaft. Thus, this type is frequently called a ^‘slip-ring’’ 
motor. See Fig. 25. Brushes mounted in stationary brush holders 
complete the circuit to an externally mounted Y-connected secondary 
resistance. 

The wound rotor, with external connections to slip-rings, allows 
the use of several layouts of external resistance to produce the desired 
torque during starting, or at reduced speed on speed-regulating 
points. This type of motor is applicable on loads requiring heavy 
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accelerating effort, and in locations where the starting current must 
be kept at a low value. The slip-ring motor offers the highest possible 
starting torque per ampere, full-load current producing approximately 
full-load torque at starting. 

Control for simple starting duty is furnished with intermittent- 
rated starting duty resistor of such resistance value that approxi- 
mately 250 per cent starting torque is produced with only 300 per cent 
starting current. Both values may be reduced, where required, by 
changing the resistance. 

Slip-ring motor control for adjustable varying speed is designed 
with a continuous-duty resistor which allows the motor to be run 
continuously on any of its reduced speed points with a part of its 
resistor in series with the rotor windings. The secondary resistance 
layout, adjustable for varying speed control, must be differently 
designed for different types of load, such as variable torque — fan 
duty, and constant torque — machine duty. Therefore, these details 
must be furnished to the manufacturer. 

Accurate speed control cannot be obtained below 50 per cent 
speed reduction, that is, two-to-one speed range, because of the pro- 
portions of secondary and external resistance values. Beyond that 
range, the speed change due to slight change of load torque becomes 
disproportionate. 

Although the slip-ring motor with proper accessories allows vary- 
ing speed control at relatively low first cost, its operation at reduced 
speeds is at the expense of efficiency. The electrical energy dissipated 
in the external secondary resistance must be added to the normal 
motor losses in determining overall efficiency. Operation at 50 per 
cent speed on a constant-torque load will be at approximately 50 per 
cent overall efficiency. For this reason, it is desirable to select, if 
possible, definite speeds at which the drive may operate, and use a 
suitable multispeed motor. If adjustable varying speed over a wide 
range is required, and if the motor must operate at reduced speeds a 
large part of the time, the brush-shifting motor may be the most 
economical, even at a higher first cost. 

Brush-shifting Adjustable-Speed Motors. The brush-shifting 
adjustable-speed motor is a self-contained, reliable driving imit for 
operation on polyphase altematmg-current circuits. These motors 
are built in sizes from 2 to 50 horsepower for three-to-one and four-to- 
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one speed range for constant-torque applications, and have shunt 
characteristics under these conditions. Motor speed is controlled by 
shifting the brushes, thus providing an infinite number of speed points 
within the speed range. Fig. 26 shows the connections of this type of 
motor. 

The stator has one winding (the secondary), which is constructed 
like the stator (primary) winding of an induction motor, except that 
phases are electrically independent and both ends of each phase are 



Fi«. 26 Coniioctions of Brvish-shiftzng AdjuBtablo-Speed Motor 


brought out for connection to the commutator brushes. The rotor is 
provided with two windings placed in the same slots. The inner wind- 
ing (primary) is identical in construction with the stator (primary) 
winding of a normal induction motor and is connected to the collector 
rings, to which the power is applied. The outer, or adjusting, winding 
is connected to the commutator in the same manner as in a direct- 
current motor. 

Thus, the brush-shifting motor may be compared with the 
wound-rotor induction motor, having its primary winding in the 
rotor and its secondary on the stator. In addition, this machine has 
an adjusting winding in the rotor similar to a direct-current armature 
winding and connected to a commutator. The motor is provided 
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with two brush-holder yokes arranged to shift in such a way as to 
vary the voltage on the secondary winding. 

One end of each phase of the stator (secondary) winding is con- 
nected to brushes on one brush yoke and the opposite end of each 
phase is connected to brushes on the other yoke. When the brushes, 
to which each end of a secondary phase is connected, are on corre- 
sponding commutator segments, the adjusting winding is, in effect, 
idle, the secondary winding is short-circuited, and the motor runs as 
an induction motor, with speed corresponding to the number of poles 
and frequency of supply. As the brushes are moved apart, a section 
of the adjusting winding is included in series with the secondary wind- 
ing, causing the secondary winding to generate a voltage impressed 
upon it by the adjusting winding, thereby causing the motor to change 
its speed. Moving the brushes in one direction raises the speed, and 
moving them in the other direction reduces the speed. The motor 
operates both above and below the synchronous speed. 

The motor is started on full voltage with the brushes in the low- 
speed position, as standard procedure. In this position, starting 
current is 125 per cent to 175 per cent of the full-load current at 
maximum speed. In most ratings, motors develop 200 per cent start- 
ing torque with less than 175 per cent starting current; in the larger 
sizes, starting torque is approximately 160 per cent, with less than 
160 per cent starting current. 

Where operating conditions require, it is possible to start the 
motor with the brushes in any position. In such cases, proper sec- 
ondary resistance should be supplied to limit excessive current at 
starting. With such resistance, starting torque at the higher speed 
brush positions will be at least 250 per cent of normal full-load torque. 

In the low-speed brush position, maximum running torque varies 
from 200 per cent of normal full-load torque on the smallest size to 160 
per cent on the largest size. In the high-speed position, the maximum 
torque is at least 250 per cent of normal full-load torque on all sizes. 

The efficiency of brush-shifting motors remains nearly constant 
over the greater part of their speed range, but it is somewhat lower at 
low speed. The average efficiency is high as compared with that of 
wound-rotor induction motors with secondary resistance, or as com- 
pared with direct-current motors and the apparatus necessary to 
convert alternating current to direct current. 
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Power factor is high when the motor is running at high speed, 
and even at synchronous speed the power factor is approximately the 
same as that of an induction motor of similar rating. 

With full-load speed, approximately l()50/550 r.p.m. for a three- 
to-one ratio motor, the no-load speeds will he as follow^s: with the 
brushes in the maximum-speed position, 5 to 11 per cent higher than 
the rated full-load speed; with the brushes in the minimum-speed 
position, 17 to 43 per cent higher than the rated minimum speed. 

These motors will operate continuously in either direction, pro- 
vided the brush mechanism is set for the desired rotation. They may 



Fig 27 Bruah-Shifting Adjustable-Speed Motor 


be reversed by interchanging two line leads, as on an induction motor. 
Reverse operation should be allowed for short periods of time only, 
as the motor characteristics are impaired unless the brush-shifting 
mechanism is reset according to the instructions furnished with 
each motor. 

Any creeping speed down to 50 per cent of the minimum rated 
speed may be obtained at rated torque for half-hour operation by 
means of secondary control. Overload or stalling protection is not 
provided when the motor is operated under these conditions. 

Brush-shifting motors should be connected to the source of 
power in the same manner as any three-phase induction motor — by 
connecting the motor to the three lines. A magnetic switch, operated 
by a push-button station in conjunction with a temperature overload 
relay, mounted on the stator trame and connected in the stator cir- 
cuit, provides low-voltage and overload protection at all operating 
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speeds. Slow-down or creeping speeds may be obtained by adding 
resistance in series with the secondary circuit and providing a switch 
for short-circuiting this resistance for normal operation. 

Changes in speed by brush shifting are obtained in one of the 
three following ways: 

1. Shifting the brushes by means of a handwheel or handle 
mounted on the motor. Fig. 27 shows a typical motor with motor- 
mounted handwheel. 

2. Shifting the brushes by means of a handwheel or handle on a 
remote brush-shifting mechanism, which is mounted at a location 
convenient to the operator and connected to the motor by a chain. 



Fig 28 Rotor for 75 Hp 1 200 R p m Synchronous Motor 
with Direct-Connected Exciter 


3. Shifting the brushes by means of a pilot motor and reduction- 
gear mechanism, which is mounted on the motor and controlled by 
push buttons located elsewhere. 

Miscellaneous Polyphase Motors and Variable=Speed Systems. 
For description of the Noel Capacitor motor and Fynn-Weichsel vari- 
able-speed motors, see Power-Factor Correction. 

Heavy-duty adjustable varying speed drives are available in the 
Kramer and Scherbins systems of speed control. Both employ a slip- 
ring motor as the main driving unit and use accessory equipment to 
derive changing excitation and power for range of speed required. 
Additional details concerning these systems may be obtained from 
manufacturers of electric equipment. 

SYNCHRONOUS MOTORS 

Synchronous motors, as the name implies, operate at synchronous 
speed — that is, with no slip. They are practically identical in con- 
struction with (synchronous) alternators or generators, having a 
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three-phase wound stator and a rotating field consisting of direct- 
current excited coils of alternately opposite polarity, connected in 
series to a direct-current excitation source at its slip rings. Modern 
practice is to use 125-volt direct-connected exciters for each motor 
unit, particularly at the higher specdi>. At low speeds, it is sometimes 
economical to supply excitation, either 125 or 250 volt, to one or more 
motors from a high-speed motor-driven exciter set. (Generally with 
additional stand-by set.) To p^o^ide uniform and sufficient starting 



Fik 29 Synchronous Motor and Base for Pulley Dnve 
(50 lip , 80 Per Cent Power Factor, 1,200 R p m ) 


torque for general use, synchronous motor rotors are built with 
starting windings imbedded into the faces of the field pole pieces and 
short-circuited at their ends by circular rings. These are similar to 
the squirrel-cage winding of an induction motor. See Fig. 28. 

Synchronous motors operate with minimum excitation at unity 
power factor — that is, when the line current drawn by the motor is 
exactly in phase with the voltage. Unity power-factor motors are 
widely used to raise the average power factor of a plant employing a 
large number of smaller induction-type motors operating at lagging 
power factor, that is, with line current lagging behind voltage by an 
angle whose cosine equals the power factor expre^lsed as a decimal. 

When increased excitation4s applied to the field of a synchronous 
motor, we have what is known as a leading power-factor motor cap- 
able of supplying leading reactive kva to a system to compensate for 
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lagging reactive kva drawn by induction machines. Such motors are 
generally rated in horsepower at .80 leading power factor. The 
power factor corrective feature of synchronous motors will be dis- 
cussed in more detail under Power-Factor Correction. 

Unity power factor and .80 power factor general-purpose syn- 
chronous motors are available in all ratings from 20 horsepower up. 
Designed with starting torque and pull-in torque of approximately 
110 per cent of rated full-load torque, they can be applied to all 
normal duties cxcc})t those requiring heavy starting torque and 
extremely high maximum or pull-out torque. See Figs. 29 and 30. 



F'ir 30 Three-Phase, 60-C\cle Svrichionous Motor with Out- 
board BeaiiiiR and Sheave foi \-Belt Drive (300 Hp , 80 Per 
Cent Powoi Factor, 600 R p m , 2, 200- Volt) 


Synchronous motors are best suited for loads requiring a nearly 
constant torque — that is, one without instantaneous pulsations. On 
a load producing pulsations in shaft torque, a synchronous motor will 
draw high current from the line at each pulsation because, being a 
synchronous machine, it will tend to pull out of step. Wherever 
synchronous motors are used to drive reciprocating compressors and 
similar machines, flywheel effect to absorb the pulsations must be 
provided in the rotor of either or both the motor and the compressor. 

In general, since the major utility of synchronous motors is 
derived from their unity power-factor operation or their ability to 
supply leading reactive kva, their relatively higher cost (as compared 
with induction motors) cannot be justified except on practically con- 
tinuously operated machines. Obviously, no power-factor correction 
can come from such a machine when it is not operating. 
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Synchronous motors can be started by throwing directly across 
the line, and, when so started, the current drawn by a high-speed 
motor is approximately that of a normal-torque, nonnal-starting- 
current motor — that is, 600 per cent. When started by reduced- 
voltage starting equipment, the starting current corresponding to 
full-load torque is from 350 to 400 jjer cent of full-load current. Low- 
speed motors seldom require reduced-voltage starting ecjuipment 
because their average full-voltage starting (‘urreiit is only 300 per 
cent of full-load current. 

Starting equipment for s^ nchronous motors is available in semi- 
magnetic and full-magnetic forms, both for full-voltage and reduced- 
voltage starting. In all forms, the field is applied automati(*ally. 
This feature eliminates much of the necessity for care i)reviously 
required in the operation of synchronous motors. 


ERECTING AND LINING UP ALTERNATING^CIJRRENT 
GENERATORS 

The erecting and lining up of alternating-current generators and 
motors involve the same principles and procedures as for direct- 
current machines. The same general details regarding making of 
electrical connections of direct-current machines also ai)ply for alter- 
nating-current machines. 

Wiring Connections. Wiring connections for an alternating-cur- 
rent generator consist, essentially, of leads between generator stator 
terminals and line side of generator switch, and leads from load side 
of generator switch to bus. The excitation circuit is connected from 
source through field switch to generator field and includes a rheostat 
in series with the field circuit. See Fig. 31. 

If the excitation source is a direct-connected exciter, the field 
rheostat may operate only on the exciter shunt field; or, on larger 
machines, there will be both an exciter field and a generator field 
rheostat operated by a concentric type switchboard mechanism. 
There will also be accessory voltmeters, frequency meter, ammeters, 
etc., depending on the refinements required in the controlling switch- 
board. For small generators under 100 kva and not to be operated in 
parallel with other units, the field switch is often omitted since there 
will be no occasion to the field. 
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Practically all generators, whether for single or for parallel 
operation, require generator-voltage regulators. These regulators 
act upon the exciter field to maintain constant generator terminal 
voltage. The voltage regulation of a standard alternating-current 
generator is approximately 30 per cent — that is, the voltage at con- 
stant excitation will drop 30 per cent from no load to full load. It is 
impractical to adjust the excitation manually for varying load. 



Parallel Operation. Generators which are to be operated in 
parallel demand voltage regulators. To assure the maintenance of 
system stability, the combination of generator-voltage regulator and 
exciter characteristic should be as nearly identical as possible. Furth- 
ermore, the speed regulation characteristic of speed governing devices 
on prime movers must be carefully paralleled. 

To run two alternators in parallel, several conditions have to be 
fulfilled: The incoming machine — as in the case of direct-current 
machines — ^must be brought up to nearly the same voltage as the 
first one; it must operate at exactly the same frequency; and, at the 
moment of switching in parallel, it must be in phase with the first 
machine. This correspondence of frequency and phase is called 
^‘synchronism.” 

Synchronizing Alternators by Lamp Indicator, It is impossible 
with mechanical speed-measuring instruments to determine the 
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speed as accurately as is necessary for this purpose. There is, how- 
ever, a very simple method of electrically determining small differ- 
ences in speed or frequency. In Fig. 32, let M and N represent two 
single-phase alternators, which can be connected by means of the 
single-pole switch A — jB. Across the terminals of the switch is con- 
nected an incandescent lamp L, capable of standing twice the voltage 
of either machine. When A — B is open, the (‘ircuit between the machines 
is completed through L. The two machines may be connected in 
parallel as follows: Assume machine M already in operation; bring 
up machine N to approximately the proper speed and voltage; then 
watch lamp L. If machine N is running a very little slower or faster 



Fig. 32. Diugram of Two Single-Phase 
Altoniators Arranged in Parallel 


than machine M, the lamp L will glow for one moment and be dark 
the next. At the instant when the voltages are equal in pressure and 
phase, L will remain dark; but when the phases are displaced by half 
a period, the lamp will glow at its maximum brilliancy. Since the 
flickering of tlie lamp is dependent upon the difference in frequency, 
the machines should not be thrown in parallel while this flickering 
exists. The prime mover of the incoming machine must be brought 
to the proper speed ; and the nearer machine N approaches synchron- 
ism, the slower the flickering. When it is very slow, and at the instant 
when the lamp is dark, throw the machine in parallel by closing the 
switch across A — B, The machines are then in phase, and tend to 
remain so, since if one slows down, the other will drive it as a motor. 
It is better to close the switch when the machines are approaching 
synchronism rather than when they are receding from it; that is, at 
the instant the lamp becomes dark. 

Fig. 33 shows the method of synchronizing high-voltage alters 
nators through step-down transformers. The first machine to be 
started becomes ‘^bus" and succeeding machines are paralleled, 
‘'machine to bus.’^ When two three-phase alternators are first placed 
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in operation, synchronizing connections should be made across each 
phase. If all the lamps become bright or dark simultaneously, the 
alternators are ready for parallel operation. After all phases have 
once been tested, it is only necessary to compare a corresponding 
phase from each machine to indicate synchronism. 

The connections, as shown in Fig. 33, indicate synchronism when 
the lamps are dark. If it is desired that a condition of synchronism 



Fig Diagram of Connections for SMichronizing High-Voltage 
Alternators through Step-Down rransforriiers 


shall be indicated when the lights are at maximum brightness, reverse 
the secondary connection of either one of the potential transformers. 

Synchronizing Alternators by Means of a Synchroscope, The syn- 
chroscope affords the quickest and safest means for paralleling 
machines, since it shows when the machines are in step and in phase, 
indicating by the position of the needle the difference in the phase 
relations between the machines, and telling whether the incoming 
machine is running too fast or too slow. It is superior to synchronizing 
with lamps, because the latter give no indication of the relative speed 
of the incoming machine. The lamps will indicate when the machines 
are of the same frequency, but the phase relations can be judged only 
by the brilliancy of the light. 

When synchronizing with lamps dark, the phase relations of the 
inachines will be shown by the brilliancy of the light to a point where 
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the machines are approximately 45 degrees out of phase, below which 
point there will not be sufficient voltage across the lamp to make it 
glow. Again, in case there is an inopportune failure of the lamp, the 
operator might be misled and throw the machines together when out 
of phase, with possible disastrous results. 

When synchronizing with lamps bright, it is difficult to deter- 
mine, after watching the lamps for sonic time, at just wliat instant 



Fig 34. Synchronizing by Use of Plugs and Synchroscope 

they are burning at full brilliancy, and therefore, at just what instant 
the machines are in synchronism. 

Fig. 34 shows a method of connecting a synchroscope to two 
machines (one running and one starting) by means of plugs and 
receptacles mounted on the switchboard. Either machine may be the 
‘‘Starting” or “Running” unit. To insure safe operation, only one of 
each of the plugs marked “Starting” and “Running” should be avail- 
able at any switchboard. Hi and Xi are polarity markings on the 
potential transformers. 

Fig. 35 shows connections for using a synchroscope and syn- 
chronizing switches to accomplish the same method of synchronizing, 
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as shown in Fig. 34, with the added safeguard of oil circuit breaker 
interlocks, a feature which allows the closing of only the breaker of 
the machine being synchronized. As in the plug method, one each of 
*T* and ‘^R’’ removable handles are furnished for each switchboard. 

When two alternating-current generators have been connected in 
parallel, the division of load should be adjusted. This cannot be 



Fir 36 S\ nchrnnizing with Synchroscope and Synchronizinj? Switches 
Removable Handle J Effects Contact Aiiangcment “Incoming”, 
Removable Handle R Produces “Running” 


accomplished as in direct-current machines by adjustment of the field 
rheostat. Change in field strength will cause more current to flow, 
but it will be 90 degrees out of phase with the voltage and will not 
represent actual power. The only way to make the two machines 
supply proportional amounts of power is to adjust the speed of their 
respective prime movers. The governors of engines driving alter- 
nators, operating in parallel, shoiild be provided with a means where- 
by the speed can be adjusted within a small range without throttling 
and while running. Without this refinement, trouble will be encoun- 
tered when trying to synchronize and adjust for proper division of 
load. If it is desired to make the machine carry more load, its prime 
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mover must be adjusted for an increase in speed, and conversely to 
make the machine carry less load. 

If it is found necessary to increase the voltage of machines oper- 
ating in parallel, the rheostats of all machines should be adjusted 
proportionally. If the rheostat of only one machine is shifted, cross 
currents will be caused to flow between the paralleled machines. 
These cross currents do not represent actual power but do cause 
undesirable heating of the machines. 

OPERATION 

Directions for Running Generators and Motors. Preliminary 
Run with No Load, If possible, a new machine should be run with 
no load or with a light one for several hours. It is bad practice to 
start a new machine with its full load or even a large fraction of it. 
This is true even if the machine has been fully tested by its manu- 
facturer and is apparently in perfect condition, because there may be 
some fault produced in setting it up, or some other circumstance that 
would cause trouble. 

All machincTy requires some adjustment and care for a certain 
time to get it into smooth working order. 

VoUage and Current Regulation. A generator requires that its 
voltage or current should be observed and regulated if it varies. The 
attendant should always be ready and sure to detect and overcome 
any trouble, such as sparking, heating, noise, abnormally high or low 
speed, etc., before any injury is caused. Such directions should be 
thoroughly committed to memory in order promptly to detect and 
remedy any trouble when it occurs suddenly, as is usually the case. 
If possible, the machine should be shut down instantly when any 
indication of trouble appears, in order to avoid injury and to give 
time for examination. 

Keep Tools Away from Machines. Keep all tools or pieces of iron 
or steel away from the machine while running. Otherwise, they might 
be drawn in by the magnetism, perhaps getting between the arma- 
ture and pole pieces, thus ruining the machine. 

Commutator and Brushes. Particular care should be given to the 
commutator and brushes, so that the former is kept perfectly smooth 
and the latter are in proper adjustment. Avoid lifting brushes when 
machine is operating, unless there are several brushes in parallel. 
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Bearings, Touch the bearings occasionally to see whether or not 
they are hot. Thermometers embedded in putty will assist in detect- 
ing undue temperature rise. 

Overloading, Special care should be observed by anyone who 
runs a generator or motor, to avoid overloading it, because this is the 
cause of most of the troubles which occur. 

Personal Safety. The matter of personal safety is of great 
importance in the installation, care, and management of dynamo- 
electric machinery, both from the humanitarian and from the finan- 
cial standpoint. 

PrecavMons in Handling the Circuit, The safest rule is never to 
touch any conductor carrying current, and never to allow the body to 
form part of an electric circuit, no matter what the voltage. This, of 
course, is a rule which cannot be followed strictly in practice. How- 
ever, every precaution should be taken to prevent ac(*idents, and 
every device which adds to the personal safety of the men should be 
employed. Rubber gloves, rubber shoes, or both, should be used in 
handling circuits of 500 volts or over. Also these articles should be 
tested frequently. Tools with insulated handles, or a dry stick of 
wood, should be used instead of the hand for handling the wires. It 
should always be remembered that a wire may be ‘‘alive^’ through 
some unknown change in connection or through accidental contact 
with another wire, even when it is thought to be '"dead.” 

High Voltages, On the high alternating-current voltages now so 
common, even the above precautions are not sufficient. No work can 
ever be done on such circuits unless they are entirely disconnected 
from all sources of power. In addition, the wires should be thor- 
oughly grounded before being touched. In grounding, the ground 
connection should be first made and last disconnected. 

Stopping Generators. Operating Ahne, A generator operating 
alone on a circuit can be slowed down and stopped without touching 
the switches, brushes, etc., in which case the current gradually 
decreases to zero. Then the connections can be opened without 
sparking or any other difficulty. 

Operating in Parallel, However, when a generator is operating in 
parallel with other sources of power, it must not be stopped until it 
is entirely disconnected from ihe system. Fui thermore, the current 
generated by it should be reduced nearly to zero before its switch is 
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opened. For alternating-current generators, the load is reduced by 
adjusting the engine governor to reduce the input. The setting of 
a field rheostat should not be changed. 

Never, except in an emergency, should any circuit be opened 
when heavily loaded ; the flash at the contact points, the discharge of 
magnetism, and the mechanical shock are all deculedly objectionable 
and destructive. 

Stopping Motors. Any alternating-current motor, whether oper- 
ating singly or with several others on a feeder, may be stopped by 
simply throwing its manual starter to the "‘off’' position, or by press- 
ing the control “sto])” button, if the control is of the magnetic type. 
No precaution is required before restarting except to be sure that 
all resistance is reinserted in the secondary of slip-ring motors, and 
that, in synchronous motors, the field switch is open. 

POWER=FACTOR CORRECTION 

Low power factor and its consequent evils apply only to alter- 
nating-(*urrent systems. Power factor may be simply defined as the 
cosine of the angle by which the current vector leads or lags behind 
the voltage vector of a given circuit. Although it seldom, if ever, 
exists, an excessive leading power factor would be as troublesome as 
a lagging power factor. 

Induction motors, induction furnaces, series lighting transform- 
ers, and other inductive devices draw a magnetizing component of 
current which lags behind the line voltage and lowers the power factor 
of the system. The magnetizing current of an induction motor is near- 
ly constant at all loads with •constant voltage. This current lags 
90 electrical degrees behind the impressed voltage and does no use- 
ful work. 

Figs. 36 and 37 show the comparison of magnetizing current, 
power current, and resultant power factor on a fully loaded and 
lightly loaded motor. The magnetizing eurrent, OX, being prac- 
tically constant and the power current, OP, decreasing from full load 
to light load, the angle 6 increases and the power factor decreases. 
OL, in both cases, represents the current drawn from the line. This 
illustrates the reason for lower power factor of induction motors at 
light loads and the necessity of applying motors at near rated 
capacity. 

Ill 
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The effect of low system power factor is far-reaching, in that it 
increases the size of cables, switches, transformers, and even gener- 
ators required to deliver a given amount of useful power current. It 
further affects the system stability by increasing the regulation — 
that is, impairing the stability of operation, of lines, transformers, and 
generators. Low power factor imposes an added current load upon all 
parts of a system with the result that power companies in some locali- 
ties have rate schedules incorporating a power factor clause which 
adjusts the rate according to power factor. Other rate schedules 
allow a bonus if power factor is, for example, above 90 per cent; others 



IiR 36 Vector Diagram of a Squirrel-Cafie 
Induction Motor Fulh Loaded 


Tig 37 \ e( tor Diagram of a Squirrel-Cage 
Induction Motor Lightl> Loaded 


involve a penalty if below 80 per cent; still others specify a flat 
minimum allowable power factor. 

Specific examples will best illustrate the effect of power factor 
upon line currents. For instance, let us consider a 50-hp., 1,800- 
r.p.in., 220-v, OO-cycle induction motor which has a full-load efficiency 
and power factor of .90 and .91 respectively. At full load, its line 


current will be 


50X740 


= 120 amperes. A similarly rated 


220X\/3X.90X.91 
unity (1.00) power factor synchronous motor with full-load eflSciency 

^ ' . 50X746 

of 91.4 per cent would draw a line current equal to 

107 amperes exclusive of exciter and rheostat losses. 

This comparison, although using a fully loaded, high-efficiency, 
and relatively high power factor induction motor, illustrates a line 
current requirement 12 per cent higher for the induction motor than 
for the synchronous motor. Further, ’et us assume a 440-v, three- 
phase power circuit carrying a load of 500 kw at .80 power factor. 
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The resultant line current is 440^ \/ *V>^ ^ amperes. If the 

power factor could be raised to unity (1.00) through the use of syn- 
chronous motors or other corrective equipment, the same line could 
carry 820 X 440XV^=625 kw — ^an increase of 25 per cent in power 
with the same line current. Conversely, if the power factor should 
remain at .80 as originally, the system would require 25 per cent more 
copper, transformers, and generating capacity to produce the same 
output (625 kw) as could be securetl by installing power factor correc- 
tion equipment. 

A more severe condition of original system power factor and its 
improvement to .95 power factor is illustrated by the following chart, 



ORIGINAL CONDITION 
POWER-FACTOR 60 ^ 



IMPROVED CONDITION 
POWERFACTOR 95 % 


Fig. 38. Chart Showing Result of Adding Power-Factor 
Correction Apparatus 


Pig. 38, which indicates reduced current demand from the power 
lines for a given amount of kw load at higher power factor. 

Methods of Correcting Power Factor. Referring to Fig. 36 it is 
evident that if it is possible to counteract the lagging component of 
reactive current (magnetizing current) by introduction of a leading 
component of reactive current, the resultant angle B between power 
current and line current will be diminished and cosine B or power 
factor will be increased. 

Fig. 39 illustrates the effect of adding leading reactive current to 
the system. A number of methods are available to accomplish this 
desired result, as follows: 

1. Substitution of synchronous motors for existing induction 
motors. 
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2. Use of synchronous motors for additional load requirements. 

3. Installation of synchronous condenser. 

4. Use of power factor corrective motors, such as Noel capacitor 
motors and Fym^’Weichsel motors. 

5. Installation of caj)acitors (static condensers). 

Under Methods One {1) and Two (0), the use of unity power-factor 
synchronous motors would increase the average power factor of the 



Fij? Diagram Showing How a Leading Reactive Current 
Improves the Power Factor 


system load without adding corrective leading kva. However, if 
leading power-factor motors are used, they will deliver to the system 

. .74t6Xhp. rating , . 

leading reactive kva equal to . - 7 — — v 1 — m which 

^ EfficimcyXP-F 

power factor is expressed as a decimal. 

Method Three (5). A synchronous condenser is simply a syn- 
chronous motor running on the line without shaft load and supplying 
leading current to the line. By varying the excitation the amount of 
leading kva can be changed at will. This system of correction is not 
used on low-voltage distribution systems ordinarily. It is more 
economical to use a synchronous motor partly loaded and excited to 
run at .70 to .80 leading power factor, enabling both a power load 
and wattless leading kva to be derived from the same unit. 

Method F our ( 4 ). The Noel capacitor motor is a standard, squir- 
rel-cage induction motor except that in the bottom of the stator slots 
there is placed a separate three-phase winding which is connected to a 
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three-phase capacitor. This capacitor winding is so designed that 
with 220 or 440 volts applied to the main winding, 600 volts is im- 
pressed upon the capacitor by transformer action with the capacitor 
winding. Therefore, this motor operates at near unity power factor. 

The Fynn-Weichsel motor is a form of synchronous induction 
motor. The rotor is wound with two windings — one, the power wind- 
ing, fed through slip rings, and the other, an exciting winding which 
delivers power to a commutator. The stator is also furnished with 
two windings — one func'tions similarly to a regular slip-ring motor 
secondary winding; the other receives the commutated current from 


POWER 

CIRCUIT 

/ 


c>-<5\^ 

o-<5\p 

MOTOR SWITCH 
AND FUSES 



CAPACITOR 


Fig 40 Connettiou Diagiam of Enclosed Capacitor Unit 
limtalled at Motor rermmals 


the commutator and excites the motor in much the same manner as 
do the poles of a synchronous motor. This motor starts similarly to 
a slip-ring induction motor, but assumes synchronous characteristics 
at full speed. This type of motor should be applied on a load which 
remains as nearly constant as possible and at near rated capacity 
since it is designed to give maximum power factor correction to rated 
load. 

Method Five (5). Capacitors are adaptable for installation 
wherever it is desired to raise the power factor, at the individual 
motors (Fig. 40), at distribution points feeding a group of motors 
with relatively short feeders (Fig. 41), or at the main switchboard to 
improve the combined power factor of the entire distribution system 
(Fig. 41). They are available in small individually mounted units, or 
in larger rack-type equipments for operation on circuits from 230 
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volts to 6,900 volts, and in enclosures suitable for mounting indoors 
and out of doors. See Figs. 42, 43, and 44. 

Capacitor Calculations. Ix't us assume that it is desired to 
calculate the size of capacitor necessary to improve the power factor 



Fir 41 Coiineotion DuRraiu of Capacitoi lustullod in Power Circuit 


of a 10-hp. 9()()-r,p.in. induction motor to unity. The full-load efB- 
eiency and power factor of thi^ motor are S4.() per cent and 79.3 per 

hp.X.74r) 10X.74() 

cent resr)ectively. The kw input to the motor is — = — ttt 

Effacieruy .84() 

kw input 8.82 

==8.82 kw. The kva input to the motor is — == - — 11.13 

power factor ./93 

kva. By the use of trigonometry, we (‘an determine the value of 
reactive lagging kva, x, as follows: 



Therefore 6.8 kva of leading reactive kva must be supplied by a 
capacitor to neutralize the lagging component and produce unity 
power factor. 

The size of capacitor required to raise the power factor of a 
given load to a higher value can be found easily, as in the follow- 
ing example: 
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Fig 42 Three-I’hase eO-Tv fie Enclosed 
Capadtor Unit U-Kvi 210-VoIf) 



Pig 43 Three-Phase, 
60-CycIe Indoor Rotk- 
Type Capacitor Unit 
(120-Kva, 460- Volt) 





CftOVNOtNC LVe 


Fig 44 Tliree-Phase, 60-Cvcle Outd(X)r 
Capacitor Unit, Side Removed 
(60-Kva, 460-Volt) 


117 


50 


OPERATING GENERATORS AND MOTORS 


Assume it is desired to raise the power factor of a 300-kw load from 60 per 
cent to 90 per cent. 

300 

A 300-kw load at 60 per cent power factor has an apparent ’oad of 
or 600 kva, and has a lagging component of V500*-300*, or 400 kva. 

300 

A 30O-kw load at 90 per cent power factor has an apparent load of 

.y 

or 333 kva, and has a lagging component of V333*-3002, or 145 kva. 

The difference between the two lagging components (400 — 146) is 255 kva 
and is the leading kva that will be necessary to raise the power factor to 0.90. 


imiiMBBWIBHBnMiaBiaBnKBHBB 
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Fig. 45. Curve Showing Capacitor Required to Give Desired Power-Factor Improvement 

Determination of capacitor required to give desired correction in power factor Follow hori- 
sontal line curresponding to present power factOT of load until it intersects curve representing power 
factor desired . The vertical projection of this intersection on the base gives the size of capacitor 
required in per cent of kw, load. 

Example. — Load 300 kw. Present power factor 60 per cent, power factor desired 90 per cent. 

Projection of intersection of 60 per cent power factor line with 90 per cent power factor curve 
gives desired capacitor as 84.9 per cent of 300 kw., or 255 kva. 


To simplify these calculations, factors by which the kw load can be 
multiplied to give the size of capacitor necessary can be taken directly 
from the curves in Fig. 45. 

Each method of power factor correction has its field of applica- 
tion and it is possible that a combination of at least two types of 
corrective equipment can be selected for each plant or building. 
However, correction by capacitors appears to be the most acceptable 
method, for the following reasons: 

1. They can be installed in any location without disturbing 
existing equipment. 
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2. Corrective capacity can be selected at will, with no depend- 
ence upon operating conditions, such as continuity of load. 

3. Capacitors produce their corrective effect every moment they 
are connected to the line, and since they are static, i.e., have no moving 
parts, there is little likelihood of necessity for repairs. 

STARTING AND CONTROLLING DEVICES FOR 
ALTERNATING-CURRENT MOTORS 

Starters and controllers for alternating-current motors normally 
include all switches and contactors necessary for controlling the start- 
ing operation and speed regulation (where required) plus thermal 
overload devices to protect the motor against normal overload. All 
parts are of adequate capacity to break the normal overload or stalled 
current of the motors to which they are connected, but are not 
designed to interrupt short-circuit currents which may be caused by 
grounded or short-circuited wires and cables. Circuit-interrupting 
devices such as fuses, air circuit breakers, or oil circuit breakers of 
adequate interrupting capacity should be installed ahead of the control 
equipment to protect feeder lines and control, and also to meet 
Underwriters' and Code requirements. 

All circuit diagrams shown hereafter in this section are standard, 
as used by the General Electric Co., and are shown to be illustrative 
of general types. All diagrams are used by courtesy of the General 
Electric Co. 

Single-Phase Motor Starters. Single-phase motors may be 
started and adequately protected against overload by manual or 
magnetic two-pole switches, with one overload coil. The only excep- 
tion is in the case of the high-torque capacitor motor which requires 
a third pole to discpnnect the running capacitor. 

Polyphase Motor Starters and Controllers. SquirrelrCage Induo 
tion Motors, For small sizes, manually operated starters with two-coil 
overload protection are available. These do not provide undervoltage 
protection or facility for remote control by push-button, or pilot 
control such as float switch and pressure switch. Fig. 46 illustrates 
connection of a magnetic across-the-line starter for constant-speed 
motors. 

Fig. 47 showsthecircuitof amagnetic reversing switch for squirrel- 
cage motors. 
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Fig. 46. Connection Diagram for Acro.s.s-the-Line Magnetic Siartei 
Pressing the push button marked iStart allows current to flow irorn line LI to contacts .? and 2, 
through the contactor c»)il and the temperatuic oveiload relay contacts to line L.?. This (‘auses the 
contactor to close, connecting the motor terminals Tt, T2, and TS directly to the line wires L1,L2, 
and Lii respectively. 





Fig. 47 C’ouiiection Diagram for Reversing Magnetic Controller 
Pressing the For. button allows current to flow from line Ll to Stop and buttons, contacts 
.?and 2, terminal 2 near the forward contactor, through the For. contactor coil, terminal 7, tempera- 
ture overload relay contacts to LS 'rhis closes the forward contactor, at the same time forming a 
circuit acrass contact S of the contactor, which allows current to flow from terminal 3 on the Rev. 
button through to terminal 2 near the forward contactor, through that contactor coil, holding it 
closed when the For. button is released and returned to the position shown. Pressing the Stop 
button ojiens the circuit of the For. contactor coil, allowing that contactor to open. Then the 
reverse button can be pressed and a flow of current will close the Rev contactor in a similar manner. 
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Fig. 48 illustrates connection of a typical manually operated 
reduced-voltage autotransformer type starter for squirrel-cage induc- 
tion motors. 

Fig. 49 illustrates magnetically operated one-step primary- 
resistance type of induction-motor starter. 



Fig 48 Connections for Manual Aulolransformer Keduied Voltage Starter 
Standard compensators up to 50 hp hue two tijis and tl ose above 50 hp have three taps. 
Moving the handle of the uuupensatoi to the Stint position laiiscs the gioup of movable contacts, 
indnated within the dotted rc( tangle, to move down on toji of the stalling conlnt Current then 
flows ironi line wires L/, and LJ diiettl> to the uppei terminal B of the autotianbformer, 
through it to the Stai (oniiection at .1 Tap No ^ of each coil is lonnccted to motor terminals 
Tl, and 7 i respcitivel\ When the hamlle is [nisheil to the lunning position, the movable 
contaits slide ovei on top of the lunning contacts, (onncMting lines Ll, LJ, and 1^3 directly to the 
niotoi terininnls 77, 'J J and Tj The compeiisatoi handle is held m the running position by 
means of a catih that <an be tripped b\ the phingei of tbc under-voltage <oil The oveiload relay 
as well as the stop button (an open the under-voltage coil ciicuit and trip out the compeiibator, 
allowing the movable coiitaits to icturn to the position shown in the diagram 


Fig. 50 shows wiring comiectioii for a inaguetically operated, 
reduced-voltage, autotransformer type starter. 

It would be difficult to slum the many types of connections 
required for raultispeed squirrel-cage induction motors, because of 
the many different motor winding connections required for different 
torques. Therefore, only Fig. 51 is sho\vn to illustrate a magnetic 
controller for a typical two-winding, two-speed induction motor, 
requiring the simplest type of control. 

Manually operated drum controllers are also used for multispeed 
motors. In most instances, especially for constant-torque and con- 
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Fig. 49. Connections for Primary Resistor Type Starter 
Pressing the Start button allows current to flow from LI to the line contactor coil through 
temperature overload relay contact 6 to 2^ through the push button, terminals £ to S to line hS. 
This closes the line contactor LE, to lines Li, L2, and L5, through the starting resistor Ri-/24t 
R2-R5, R3-R6, respectively, to the motor terminals Tl, T2, and TS. Then when the timing relay 
L closes contacts 4 S'Ud 0, current flows through coil 6 of contactor A. This short-circuits the start- 
ing resistance, connecting the motor directly to the line. 
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Fig. 50. Wiring Diagram for a Magnetically Opciated Aulotianssformer Type Reduced 

Voltage Starter 

Pressing the Start button allows current to flow from LI, through the temperature overload 
relay contact 8 to 5, through the start contactor coil 6*, through the time acceleiating relay contact 
12, to terminals 12 and 2 of the start button, through the pubh button to terminal 3 and line L2. 
Current flowing through the contactor coil 6 causes the Start contactor to close, connecting the 
lines LI, L2, and L3 to the autotransformer coils FA, FB, and FC. These three coils are Star 
connected at points A, B, and C. The taps 2 A, 2B, and 2C are connected to motor terminals T1 
and T2 through the contacts A T, and TB. The tap on coil C is connected directly from 2C to 
terminal T3. When the Start push button is pressed, current also flows from line LI to temperature 
overload relay contacts 8 and 6, through terminal 6, through the timing relay coil to 2, and to ter- 
minal 2 of the push button. This closes contacts 1 and 2 at the timing relay and applies voltage 
to the motor of the timing accelerating relay. This voltage is from the middle point on the coil 
below the word White and terminal 2. Current going through the coil closes contacts 1 and 2, 
establishing the holding circuit when Start button is released. When the motor of a timing acceler- 
ating relay operates, it opens contacts 12 and 6, allowing the start contactor to return to the open 
position, closing the interlock 5 above contactor coil 6. At the same time the motor closes the 
contacta 12 to 4 oi the running contactor coil, allowing current to flow through that coil and closing 
the running contactor. The motor terminals Tl, T2, and T3 are connected directly to the line 
terminals. Taps on autotransformer are similar to those shown in left-hand view, Fig. 48. 
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Fig. 51, Magnptic C’onlroller CoimectioiiR for Two-Spee<l Squirrel-Cage Induction Motor 
This motor has tw<i separate wituiiiigs. The high-speed ienninala are Tl, T£, and T?t. The 
low-spieed windings are Til, T12, and T13. Pressing the slow sjieed button joins wires H and 4 
at the push button, forming a circuit from Lt, terminals 7,H, It, right-hand overload relay, termi- 
nals 11, 10, ,9, to the low-speed contactor coil, to terminal d at the push button, through the Fattl 
button 4f wire 0, atop button, wire U, terminal 6 to LS. This causes the low-speed contactor to 
close, connecting Ll, LJ, and L,i directly to the motor terminals through the overload relay coils 
OL to motor terminals Tit, TlSi, and T13 respectively. When changing to liigh-speed, pressing 
the push button marked Fast causes current to flow from terminal .9 througli the high-speed con- 
tactor coil, terminal i? to the push button, terminal 1, through the low-speed button terminal 6, 
through the Stop button, wire J, terminal 5 and LS. This closes the high-speed contactor, joining 
the main lines LI, Lil, and LS directly to the motor terminals Tl, T2, and TS, through the overload 
relay coil and line wires Tl and T2. When either the high-speed or low-speed contactor' closes, 
contacts 1 and and contact 4 of the low-speed contact oi are connected, holding that particular 
contactor closed when the fast or slow button is released. 


stant-horsepower motors, an overload device is provided for each 
operating speed. 

Control for Wound*Rotor Induction Motors. Fig. 52 shows the 
circuit of a manual-dial type secondary starting rheostat with inter- 
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locked primary magnetic switch, for small motors up to 20 horse- 
power. Since the primary switch cannot be closed until the interlock 
is closed, with the dial in "‘Resistance In'' position, it is impossible 
to start the motor with the rings short-cin*uitcd. 




T2 

Tf 

1 


.1 

T4 \ 

rj 

n 

— ■ 

*■ 

—RHASe t 1 

— PHASE i -j 




H’PHAse-j’Wme 
MOTOR 


Fig. 62. Wiring Connections for Starting Small Slip-King Induction Motor 
Pushing the small lever down on the fiont view of rotor resistance controller joins contacts 
2 and .9, allowing current to flow from LI, through contacts S and 2, line contactor coil, temperature 
overload relay contact, to line LS. This closes the contactor, joining LI , L2, and L,i through the 
temperature overload relay to the motor terminals Tl, T2, and T3. When the contactor closes, LI 
IS joined to control terminal i, thus providing a holding circuit through the contactor coil. The 
speed of the motor is increased by moving the rheostat l)ar lil A and Rl clockwise, decreasing the 
resistance between the rotor leads Md and M2 and also between Ml and M2. 


A simple, manually operated, dial-type control with secondary 
resistor for speed-regulating duty is illustrated in Fig. 53. The push- 
button station may be omitted and the interlock switch wired direct 
to the primary magnetic switch coil, if desired. 

Larger motors whose secondary current per phase exceeds 100 
amperes require manually operated drum switches. Fig. 54 shows 
connections, using either a primary magnetic switch or a primary 
oil circuit breaker. Both combinations use an interlock circuit to 
primarj" switch, requiring all resistance to be inserted in motor sec- 
ondary before primary switch can be closed. The same wiring is used 

125 




58 


OPERATING GENERATORS AND MOTORS 


for both starting duty and speed-regulating duty, the only difference 
in equipment being the resistor which is heavier duty for the con- 
tinuous service required in speed-regulating duty. 

Magnetically operated starters are also available for slip-ring 
motors, see Fig. 55. If such a control is required for speed-regulating 
duty, the number of contactors is increased to give more speed points, 
the resistor is changed to speed-regulating type, and a multi-button 
push-button station and additional interlocks on each contactor are 


PB.STATtON 



Fig. 63 Manual Spee<I-reKulatinK C’ontrol for Small Slip-IlinR 
Induction Motor 

The internal connection of the primary magnetic switch is similar to Fig. 46. The speed of the 
motor is increased by moving the Y arm clockwise. This decreases the amount of resistance across 
the slip rings M I , M2, and Md of the motor 


used to give pre-set control. When any speed button is pressed, the 
control will automatically accelerate to that point and run at the 
pre-set speed. 

Control for Synchronous Motors. Fundamentally, the same 
elements of control must be provided for a synchronous motor as are 
used with alternating-current generators, namely: main-line switch, 
field switch and discharge resistor, and a field rheostat. When starting 
a motor with this simple control, certain precautions must be exer- 
cised to insure synchronization without damage to motor or undue 
disturbance to line. The field switch is open, with the motor field 
shorted across the discharge resistance. The first operation is to close 
the main switch. The motor will then accelerate up to near syn- 
chronous speed, as does an induction motor. Then the field switch is 
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Fifi. 54. Non-reversing Drum Switches and Resistors for Wound-Rotor 
Induction Motors witli Three-Phase Secondary 
This type of drum controller can be used with a primary magnetic switch like Fig. 46 or with 
a circuit breaker. W'hen used with a magnetic switch, fingers 2, 3, and 4 are used. With a primary 
oil circuit breaker, only fingers 1 and 2 are used to provide a magnetic lock on the circuit breaker. 
There is no electrical connection between these four fingers and those marked Rl, R£, etc. The 
purpose of the drum controller is to decrease the amount of resistance in steps Rl, R2, R1-R3, 
Iil~R4, then decrease the resistance R2-R6, etc. For tracing the circuits where the wires enter a 
cable, they have a similar letter and number when leaving that cable to the finger. The heavy 
black line represents the disks on the drum controller and the black double circle represents the 
fingers. The handle on the drum controller rotates the segments for the different points, of which 
there are 13. Each point cuts out one step of resistance in the rotor circuit, first in one phase and 
then the other. 

closed, causing the motor to be excited as a synchronous machine, and 
it will pull into step or synchronism. The field excitation may then be 
adjusted to the required value to produce unity or leading power 
factor operation. If autotransformer, reduced-voltage starting equip- 
ment is used, the same procedure is followed except that the motor is 
accelerated on the starting step and then thrown to the full-voltage 
position and allowed to pull up to speed before closing the field 
switch and synchronizing. 

Manual starting, as described, requires attendance on the part 
of an operator and supervision of the subsequent operation to insure 
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Fig. 66. Magnetic Control for Slip-Ring Induction Motor 
TliiH controller starts the wound-rotor induction motor with all the resistance in the motor 
circuit the first step, then half the resistance cut out and finally all of the resistance cut out of the 
rotor circuit. This can be accomplished by pi easing the Start button, which allows control current 
to flow from LS to terminal 4> through line contactor coil LE, contact J of the push button, across 
the push button terminal, to the stop-button terminal d, to the OL contacU. 3 and 7 to line L2. 
This closes the contactor LE, connecting lines Ll , L2, and LS to the motor terminals Tt, T2, and 
'J'S, through the overload relay coil. The contactor also closes contacts / and 2 at the right-hand 
end of the contactor and sets the time interlock in operation. After a set time the time interlock 
6-1 A will close those contacts. This allows current to flow from line L3 to terminal 4, through the 
interlock contacts 4 and 0, contactor coil lA, contacts 1 A and 5, to line L2. Closing the contactor 
1A joins the terminals R2, R3, and R4 of the resistor shown at the right, which short-circuits or 
cuts out of the circuit resistance R1-R2, R1-R3, and Rt-R4- 

After a brief time interval the time interlock at the right of contactor lA closes, allowing 
current to flow from line L3, control terminal 4> to contactor coil 2A, through the contact 2 A of 
the time interlock to 1 A, through 1 A of the time interlock on the contactor LE to line L2 This 
causes contactor 2 A to close. This joins resistance R6, Rfi, and R7 together. This has the effect 
of cutting out all the resistance, or the same as short-circuiting the rotor leads Ml , M2, and MS 
of the motor. When contactor 2 A closes, the lock-in contact 2 and contact 2 A on the dotted line 
establish a holding circuit through contactor coil 2 A. At the same time the inteilock contacts 
4 and 6 are opened, allowing contactor iA to open. 


proper protection of the motor. Modern synchronous-motor control 
has been developed to tlie point where only an initial starting opera- 
tion is required, such as pushing a “start’’ button if fully magnetic, 
or operating the main starting switch if semimagnetic. Subsequently 
and at the proper time, field application is accomplished auto- 
matically by control and timing devices. Thus an operator is re- 
lieved of the responsibility of determining sequence and timing. 
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UNIVERSAL MOTORS 

Universal motors are motors which are designed for operation 
on either alternating-current or direct-current circuits of the same 
voltage. Their largest field of use is in operating household ap- 
pliances, such as sewing machines, vacuum cleaners, electric fans, 
etc. They usually form a part of some appliance which requires a 
small amount of power, and the sale and use of that appliance is 
made easier by having a motor which will operate on both alter- 
nating current and direct current. They are generally wound for 
use on lir)-volt circuits, and are always of the series type, that is, 



the armature and field coils are connected in series. In many 
cases, the outside of the motor or the housing forms part of the 
appliance or machine which it operates. 

There are some universal motors built that are operated in 
connection with electric railway systems where on part of the road 
the power supply is alternating current and on the other part, as 
in the towns and cities, direct current is used. These railway 
motors and other universal motors over one-half horsepower in 
size have special windings and will not be considered here. Rather, 
this discussion will be on motors having a rating of one-half horse- 
power or less. 

Construction 

The armature construction of universal motors is the same 
as for small fractional horsepower direct-current motors. The 
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diameter of the armature usually varies from about l| inches 
to about inches. The commutators are pressed on the shaft 
by a small press, designed to force them in position. In the better 
grade of universal motors, the commutators are assembled as shown 
in Fig. 1. In the more cheaply constructed machines, instead of 
a threaded nut being used to clamp the V-ring to the sleeve, the 
commutator bars, mica, steel V-rings and the commutator sleeve 
are placed in a special designed press which clamps them very 
tightly, and then the threaded part of the commutator sleeve. Fig. 1, 
is riveted tightly over the right-hand steel V-ring. 

Armature winding 

Very small copper wire is used in winding the armature coils 
on these motors. Nearly all manufacturers use an automatic 


70P END 
OF COIL 




SEC/NNtNG 

m 


(D 


ENDING 

END 


Kuny 

Fig, 2. Construction of 
Field Coil 


machine which winds the desired number of turns of wire directly 
into the slot. Enamel insulated magnet wire is very generally 
used for the armature winding. In a few cases, however, enamel 
insulated magnet wire with a wrapping of silk or cotton thread is 
used. This is known as single-silk enamel or single-cotton enamel 
insulated magnet wire. 

Field coils 

The field coils are wound on a form by a machine to the correct 
dimension and then are covered with a half lapping of cotton tape, 
Fig. 2. These field coils are usually composed of a large number of 
turns of very small enamel insulated magnet wire. Thus on a 
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115-volt motor, there may be between 250 to 500 turns of wire of 
a size between No. 30 to No. 40. No. 40 wire is about as thick 
as a sheet of paper in this book. 

Stator core 

In universal motors a laminated iron core must be used instead 
of a solid iron core as with direct-current motors. The reason for 
this is that with alternating current, you have the current reversing 
its direction of flow many times every second. Every time the 
current reverses its direction of flow the iron core is magnetized 
and demagnetized in the opposite polarity. A solid piece of iron 
will not magnetize or demagnetize as rapidly as a piece which is 
composed of a number of thin sheets riveted together, forming a 



Fig. 3. Stator Core with Field Coila in Place 


laminated iron core. Moreover, when magnetizing and demag- 
netizing an iron core, an electromotive force or voltage is produced 
in the iron core; and the faster the core is magnetized and demag- 
netized, the greater will be this voltage that is generated or produced. 
When a solid iron core is used, this induced voltage causes electric 
currents to flow around through the solid iron core. These electric 
currents are called eddy currents. These eddy currents heat the 
iron core and produce magnetism that opposes that produced by 
the alternating current. In order to overcome this trouble from 
eddy current, the cores are built up of thin sheets of steel that are 
cut or punched to the desired shape, as shown in Fig. 3. These 
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thin sheets of steel are riveted together into a solid block, which 
is fastened inside the housing of the frame of the motor. 

The field coils are slipped in position back of the pole tips, 
Fig. 3, and then the center of the coil is pulled upwards and is often 
pressed or held in place by the use of cords or sometimes by a metal 
strap. 

The stator core with assembled field coils is often held in the 
housing by passing bolts or screws through the slots or holes in the 
core and clamping or fastening the two parts of the housing together, 
Fig. 4. 



Fig 4 Stator Core Assombltd in Housing of Motor 
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Nearly all universal motors use only two carbon brushes, which 
are mounted on opposite sides of the housing. These brushes are 
usually either round or square and are held against the commutator 
bars by the use of a small spring, Fig. 5. They usually are held 
in position on the commutator by means of a brush holder, which 
is placed inside a tube of insulating material. The insulating 
material is clamped, riveted, or fastened in some other manner to 
the housing of the motor. A threaded cap usually fits into the end 
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of the brass tube. The leads from the field coils or line wires are 
usually soldered to the edge of the brushholder on the inside of the 
housing, although in some motors th(‘se connections are made on 
the outside of the housing to the cap screw at the end of the brush- 
holder. 

Operating instructions 

Since a universal motor will operate on both direct-current 
and alternating-current circuits, it is necessarily (‘cjuipped with a 
commutator, and thus requires more attention than an induction 
motor. In order to keep a universal motor in proper running 
condition, it is necessary to carry out the following instructions: 

(1) Inspect the motor at least once a day, if it is located in an industrial 
plant where motors are inspected regularly. 

(2) Keep the motor free from lint and t)ther foreign material. 

(3) See that the bearings are not leaking and allowing the oil to get to 
the winding and commutator. 

(4) See that the brushes are free to move and arc not stuck in the holders. 
(This condition is caused from an accumulation of copper and carbon dust and 
oil gumming up the brush(‘s and holders and is the most common cause of arcing 
between the brushes and commutator.) 

(5) S <'0 that the commutator is clean and true. On some types, the mica 
of commutator should b(' slightly undercut. 

(6) See that windings do not overheat duo to overload or other cause. 

(7) See that the belt is properly lined \ip between motor and load. 

(8) See that the lacing or b('lt cli])s do not make a bulge in the belt and 
cause slapping on the pulley when ])assing over it. 

(9) Change the oil or grciuse in the cups fastened to the bearings at least 
once every six months. 

(10) Blow the dust and dirt out of the motor with a hand bellows when- 
ever it is noticed that there is an accumulation of it. 

Truing=up a commutator 

After a motor has been used for several years, the commutator 
usually wears down more where the brushes press against it than 
at the edges, and in this way grooves or ridges are formed on the 
commutator; and if the amount of movement of the armature shaft 
endwise in the bearing changes, due to wear, the brushes will not 
bear properly on the commutator but will be lifted from it. When 
this condition occurs, it is necessary to remove these ridges by truing 
up the commutator. This may be done in a variety of ways. The 
oldest method, and one which is still used to a considerable extent, 
IS to remove the armature from the motor and have a machinist 
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place it in a small lathe. While the armature is being rotated 
rapidly in the lathe, with a cutting tool, which is used in cutting 
metals in a lathe, take a very fine cut olf the face of the commutator. 
The commutator is polished by holding a piece of sandpaper against 
its surface while the armature is being revolved in the lathe. 

When the housing of the motor is constructed so that it is 
possible to reach into the commutator while the motor is running, 
the ridges on the commutator may be removed by the use of a com- 
mutator stone. Fig. 6* These commutator stones are made by the 
Martindale Electric Company, Cleveland, Ohio, and other firms. 


STONE- 



WOOD 

Fig. 0. Commutafor Stone for Small Motors 


STONE 


When a commutator stone is not available, a small piece of 
fine sandpaper can be rolled around a small wooden stick and held 
against the commutator while the motor is running. This process 
is much slower, because sandpaper will not cut as rapidly as the 
commutator stone. It should be used only where other methods 
are not available and the ridges are not very deep. 

It sometimes haxjpens that the commutator instead of having 
ridges is lopsided or out of round. In this case, instead of holding 
the commutator stone rigidly against the commutator at a constant 
pressure, it is well only to apply a slight amount of pressure and try 
to hold it braced against part of the housing so that as the motor is 
running the high spots on the commutator will be worn down. 
Then as the high spots are cut down, the pressure can be increased. 

Troubles in universal motors 

Table I, pages 8 to 13, gives a list of troubles, the symptoms, 
the causes, and the remedies to apply to the troubles that usually 
occur on universal motors. 

Determining when to repair and when to junk a universal motor 

The useful life of any motor does not extend much beyond 
twenty years, although cases are on record of thirty years of con- 
tmuous service and even greater. The life of a motor will depend 
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entirely on the care it has received. There are two cases^ however, 
where it is cheaper to Junk a motor than to repair it. These are 

(1) When the motor has been through a fire 

(2) When the commutator has worn down to such a point that it has 
exploded due to centrifugal force and completely ruined the brush rigging, arma- 
\ ure and field windings. In a case of this kind nothing of any value will remain 
outside of the frame. 

It is cheaper to repair the motor than to buy a new one when 
only one of the following defects exists. When two or more of these 
defects exist, then it is cheaper to junk the motor and purchase a 
new one. 

(1) Where a new commutator is needed 

(2) Where the armature needs rewinding throughout 

(3) Where new field coils are required 

(4) Where new brushes and brush rigging are required 

(5) Where new bearings are required 

Repairing armature windings 

Where a minor trouble occurs in the armature or field of a uni- 
versal motor, it is not always necessary to rewind either of them in 
order to put the motor back into operation. It has been shown in 
Table I that flashing at the brushes may be due to a short circuit, 
but it does not mean that when the armature is short circuited that 
the replacement of a coil or coils is necessary, since one cause of short 
circuit is in the accumulation of carbon and copper dust where the 
armature leads connect to the commutator. Again, heat from the 
commutator may char the insulation on the leads from the armature 
winding to the commutator, with the result that these come together 
and cause a short circuit. 

If, however, a short circuit from either of the two foregoing causes 
is not promptly attended to, a short circuit of two or more complete 
armature coils will be the result, and in all probability the insulation 
will be completely charred, not only on the short-circuited coils but 
also on those adjacent to them. 

Again, even if one or more coils are completely ruined, the motor 
may be made to operate at reduced rating by simply cutting out the 
defective coils and connecting the remaining coils so that there is a 
completed circuit through the armature. Care must be taken when 
cutting out or jumping’' a coil that the connections are properly 
made and that one or more of the remaining coils are not short 
circuited. 
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TABLE I 

Troubles of Universal Motors 


Symptom 

Trouble 

Cause 

Remedy 

1, Bearing too 
hot to touch, 
or smoking 

(a) Bearing dry 

(b) Bearing dirty 

(c) Bearing tight 

(d) Bearing binding 

(e) Bearing out of 
true 

(f) Loose bearing 

(a) Not sufficient 
grease, or cap- 
illary action of 
felt wiper re- 
tarded on small 
sizes. Not 
sufficient oil 

(b) Dust or dirt in 
oil or grease 

(c) Lack of lubri 
cation. Under- 
sized bearing, 

if bearing has 
'been changed 

(d) Shaft out of 
true 

(e) Too much 
strain on pulley 

(0 Vibration 

(a) Examine and clean felt wiper; re- 
fill reservoir with new grease or oil. 
LJlean bearings and refill with fresh 
oil or grease. 

(b) Clean out grease or oil reservoir 
and refill. 

(c) Replenish grease or oil reservoir 
with more lubricant. Polish shaft 
with emery paper or replace 
bearing. 

(d) Place shaft in a lathe and true and 
renew bearing if worn. 

(e) Renew bearing. 

(f) Tighten set screws holding bearing 
in housing. 

2. Bearing hot, 
but no hotter 
than other 
parts of frame* 

Heat trans- 
ferrelfrom 
armature or 
field coils 

Overload 

Decrease load or increase size of 
motor. 

3. Sparking of 
the brushes 

(a) Brushes not set 
properly with 
regard to the 
field winding 
(Notk: The brush 
position on Hmali 
size universal 
motors i.' Iixed bv 
the manufacturer 
and eanijot be 
chunked unless the 
end iiell is shifted. 
On larger sizes, 
however, they are 
not always fixed 
and can be shifted.) 

(b) Brushes cover 
too many bar.s 

(c) Brushes too 
short 

(a) Stator lamina- 
tions not set 
properly in 
frame on some 
makes; end bell 
shifted on other 
makes 

(b) Brushes too 
thick 

(c) Wear 

fa) This will not happen unless the 
motor has been taken apart and 
carelessly as.sembled. If this has 
been done, shift the end bells on 
some types and shift the stator 
laminations on others of the 
smaller sizes. On the types where 
the end bells can be shifted, there 
are holes through the laminations 
through which the bolts holding 
the end bells pass and unless the 
end bell is put back in its proper 
place, the brushes will be shifted 
in relationship to the field coils. 

(Notb: The bruhh position on small size 
universal motors is fixed by the man- 
ufacturer and cannot be chanRed.) 

On the types where shifting the 
stator core affects the brush po- 
sition, the effects of sparking are 
overcome by moving the stator to 
another position in the frame. 

(b) Use proper brushes or grind those 
in use to proper thickness. This 
trouble is seldom encountered un- 
less the brushholder becomes 
worn or its size has been changed. 

(c) Replace with new brushes. 
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TABLE I — Continued 
Troubles of Universal Motors 


Symptom 

Trouble 

Cause 

Kemedy 


(d) Poor contact 
between brush 
and com- 
mutator 

(d) (1) Oil or grit 
on commutator 
(2) Flint or 
other hard ; 

substance in 
brush 

(d) ( 1 ) Clean commutator \\ ith a dry 
rag. 

(2) Sandpaper the brush to re- 
move foreign matter, keeping it in 
the shape of the commutator. 
(Note. Do not uhp piuory i>ai>er or 
cloth.) 


(e) Rough com- 
mutator 

(e) (1) Vibration 
(2) Uneven 
brushes 
(8) Different 
quality of bars 
(4) Uneven 
ridges where 
brushes do not 
wear the com- 
mutator 

(e) Place armature in a lathe and true 
the commutator. On the larger 
sizes, and if taken in time, the 
commutator may be trued by 
means of a commutator stone or a 
piece of sandpaper. 


(f) (1) High bars 

(2) Low bars 

(3) Loose bars 

(f) (Clamping cone 
loose. Rough 
usage of 
commutator 

(f) In the case high bars, loosen 
commutator slightly and press 
bars back into place. With low' 
bars, lift them level with the 
others. In both cases carelully 
tighten locknut or set screws and 
true commutator in a lathe. With 
loose bars, tighten cones and true 
the commutator. 


(g) High mica 

(g) C’opper wears 
faster than mica 

(g) Undercut mica below the surface 
of bars. Remove all dust before 
putting back into service. 


(h) Weak magnetic 
held 

(h) Short ckciiit in 
field windings 

(h) When operating on D. C. current, 
a short-circuited field coil is cooler 
than those adjacent to it. On 
A. C. current, the short-circuited 
coil is hotter than those adjacent 
to it and is readily indicated by 
smoke issuing from it. The only 
remedy is to replace with a new 
one. 

(Note- If the short-circuited coil does 
not show up as outlined above, impress 
full direct-current voltage across the 
windings and place the blade of a screw- 
driver or a nail at the center of each 
coil. Thc^ coil or coils where the mag- 
netic pull is least wiU be found shorted. 
Do not leave voltage on the windings 
for any length of time.) 


(i) Excessive 
current in 
armature 

(i) Too much load 

(i) Reduce load or increase size of 
motor. 


(j) Grounds in 
armature or 
commutator 

fj) Defective 
insulation 

(j) Remove ground if possible or cut 
out the grounded coil or bridge 
grounded commutator bar. 
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TABLE I — Continued 
Troubles of Universal Motors 


Symptom 

Trouble 

Cause 

Remedy 


(k) Short circuit 
in armature 

(k) Defective 
insulation 

(k) Cut out short circuited coil and 
bridge the adjacent commutator 
bars as a temporary expedient. 


(1) Commutator 
bars short 
i circuited; mica 

worn or eaten 
away, causing 
deep pita 
between bars 

(1) (1) Copper or 
carbon dust 
between com- 
mutator bars 

(2) Melted 
solder from 
leads between 
bars 

(3) Insulation 
between brush 
holders and 
frame broken 
down. This 
also causes a 
ground 

(I) (1) Remove foreign matter from 
between bars. 

(2) Remove foreign matter from 
between bars. 

(3) Repair insulation. 


(m) Reversed 

armature coils 
(Note: This will 
never happen un- 
less the armature 
ha^ been repaired ) 

(m) Cross connec- 
tion to wrong 
commutator 
bars 

(m) Test polarity with a compass and 
connect to proper bars. 

(Note: Direct current will have to be 
u»cd in a polarity test.) 

1 

4. Rings of fire 

(a) Short circuited 

(a) Defective 

(a) Cut out short-circuited coil and 

follow the 
brushes 
around the 

armature coil 

insulation 

bridge the adjacent commutator 
bars. 

commutator 

(b) Short circuits 
between com- 
mutator bars 

(b) Defective mica 
or solder joining 
one bar to next 

(b) Scrape out defective mica; scrape 

1 a gap in the solder between bars. 

5. Flashing or 
excessive 
arcing from 

Excessive 
voltage 
impressed on 

(a) Voltage too 
high on line 

(a) Reduce voltage if possible. 

brush to 
brush 

motor windings 

(b) Motor operat- 
ing on higher 
voltage than is 
intended 

I'b) Change motor for one that will 
operate on the available voltage. 
On some motors the leads can be 
changed for different voltages. 
On others, shifting the end bells 
will make the change. 

6. Singing of 

(a) Brush pressure 

(a) Brushholder 

(a) Remove part of the brush tension 

brushes 

1 

too great 

(b) Brushes too 
hard 

springs not 

properly 

adjusted 

by compressing the springs. 

(b) Replace brushes with ones of 
softer material. The use of 
graphite brushes will eliminate 
singing. 

(Note: A small quantity of vaseline on 
a clean rag rubbra on &e eonunutator 
will help to reduce sinmg. The com- 
mutator should be wipra off imme- 
diately after dolilK this.) 


138 


UNIVERSAL MOTORS 


11 


TABLE I — Continued 
Troubles of Universal Motors 


Symptom 

Trouble 

Cause 

Remedy 

7. Chattering 
of brushes 

(a) High bars 

(a) ConeorV-rmg 
holding com- 
mutator seg- 
ments in place 
loose 

(a) Carefully drive high bars back 
into pla<'e and tighten cone at 
the end of the commutator. 
Smooth commutator with sand- 
paper or true in a lathe. Larger 
sizes may be trued with a stone. 


(b) Low bars 

(b) Rough han- 
dling, or wearing 
a wav due to 
soft bars, or 
from short- 
circuited coils 

(b) Loosen cone and lift bars even 
with other'!. It may be necessary 
to insert a new cone, as the old 
one may be cut through and will 
eventually ground the commu- 
tator. After repairing, the com- 
mutator should be trued in a lathe. 


(c) High mica 

(c) Copper wears 
faster than mica 

(c) Undercut mica below surface of 
bars. Remove all dust before 
putting back in service. 


(d) Loose bars 

(d) ConeorV-ring 
loose 

(d) Tighten cones, tost for grounds 
with a Megger, magneto, or bank 
of lamps, and true commutator in 
a lathe or with sandpaper. 


(e) Improper end 
play 

(e) Fiber washer 
worn on smaller 
sizes; shaft 
collars or bear- 
ing worn on 
larger sizes 

(e) Replace fiber washer on small 
sizes; adjust shaft collars, if any, 
on larger sizes. 


(f) High ridges on 
commutator 

(f) Brushes not 
staggered over 
the surface of 
the commutator. 
On the smaller 
sizes, it is 
impossible to 
stagger the 
brushes 

(f) Place armature in a lathe and 
true the commutator. 

8. Armature 
hot all over 

(a) Overload 

(a) Overload 

(a) Reduce load. 


(b) Moisture in 
coils 

(b) Operating in a 
damp place 

(b) Dry out by running at light or no 
load, or bake in an oven. 


(c) Armature out 
of center 
between poles 

(c) Bearing worn 
on one side 

(c) Renew bearing. 


(d) Eddy currents 
in armature 
core 

(d) Faulty con- 
struction 

(d) No remedy but to rebuild the 
armature core with thinner lam- 

inations. 
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TABLE I — Continued 
Troubles of Universal Motors 


Symptom 

Trouble 

Cause 

Remedy 

9. Armature 
issues a 
pounding 
sound 

Armature strik 
ing or rubbing 
pole pieces 

Bearing worn 
on one side 

1 

Renew bearings. 

10. Motor fails 
to start 

(a) Load too great 

(a) Load too great 

(a) Disconnect load to see if motor 
runs light. 


(b) Friction 

(b) liearing too 
tight 

(b) Polish shaft with emery cloth. 


(e) Fuse blown ^ 

(c) Overload or 
short circuit 

(c) Replace fuse and try again. 


(d) Open circuit in 
line 

(d) Wires broken , 
or disconnected 

1 

(d) Kxamine line and connections and 
repair if this is the trouble. 
Open up the motor leads and test 
both line and motor leads. Test 
motor leads with a Megger or a 
magneto. Test line with a Meg- 
ger, magneto, bell and battery, or 
a lamp. 


(e) Open circuit in 
field or field 
connections 

(e) Hough handling 
or original short 
circuit which 
may have 
burned a coil or 
connection 

(e) Examine field connections and test 
with a Megger, magneto, test 
lamp, or voltmeter. 


(f) Open circuit in 
armature 

(f) Rough handling 
or original short 
circuit which 
may have 
burned a coil ! 
or connection 

(f) Test out adjacent commutator 
bars and locate the trouble. 
Bridge the gap as a temporary 
expedient. Rewind coil or whole 
armature. 

( N oTE The motor may show a tendenev 
to run if the brushes span the vipen- 
ciruuited bars.) 


(g) Short circuit 
in field 

fg) Dampness or 
defective 
insulation 

(g) Bake if damp; rewind if defective 
insulation. If motor has more 
than two poles, it may show a 
tendency to start with direct 
current; but if there are two poles 
only, it will not start. If alter- 
nating current is impre.ssed on 
the windings, the in.sulation will 
immediately start smoking. 


(h) Brushes not in 
contact with 
the commutator 

(h) Brushes fit too 
tightly in 
holders or 
holders are 
loose 

(h) Adjust brushes so that they work 
easily in holders 
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TABLE I — Continued 
Troubles of Universal Motors 


Sjonptom 


(i) 


il. Motor runs 
backward 


Trouble 


Poor com- 
mutation 


(i) 


Cause 


Brushes not set 
on neutral 
point 


(i) 


llemedy 


Move end bells on some types; 
move stator core inside frame on 
other types. The different types 
are readily indicated by the extra 
holes in the frame and stator core. 

(Notk: This drfcct will not occur unless 
the motor has been taken apart for 
repairs and wrongly assembled.) 


Reversed con- 
nection 


Reversed (^a) Reverse either field or armature 
connection connections if operated on direct 

current. 


fb) Reverse the direction of the cur- 
rent through either the field or 
armature on the straight series 
commutator type if operated on 
alternating current. 

(c) Shifting the end bells 90 degrees 
w'ill reverse some of the com- 
pensated types. This shifts the 
compensating winding in relation- 
ship to the brushes. The com- 
pensating winding on this type 
is 90 degrees from the main 
winding. 

(d) On some types, especially those 
used on drills, it is impossible to 
reverse the direction when using 
alternating current without re- 
connecting the stator windings. 
The direction of rotation on these 
motors is determined by the 
polarity of the field w^indings, that 
is, the connections are so made 
that the armature moves from 
the main winding toward the 
compensated winding. 
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Repairing short circuits on four-pole motors 

A short circuit of an armature coil will cause the coil to become 
much liotter than those adjacent to it and is therefore easily located. 
When located, a short-circuited coil may be cut out and the motor 
operated without it. Care must be used, since the method of cutting 
out a coil varies with the type of winding. 

Where the armature winding is connected single-parallel (a 
lap winding), a defective coil is cut out as show^a in Fig. 7. First, 
the coil is cut at the back of the armature, as shown in the diagram. 
Next, the motor is connected to the line and allow(‘d to run a few 
revolutions to ascertain which commutator bars the defective coil 



was connected to. Wh('n stopped, it will be noticed, if the proper 
coil is cut, that the mica between tw^o of the commutator bars is 
burned, indicating that the coil was connected to the two bars on 
either side of the burn. The leads from the defective coil are then 
cut off at the bars and a jumper connected across the two bars, thus 
completing the circuit through the armature, which should be 
tested with a lamp circuit or a Megger before putting the motor 
back into service. 

Where the armature winding is connected single-series (a wave 
winding), owing to the way the leads are connected to the com- 
mutator (the winding is two-circuit), the procedure in jumping a 
defective coil is somewhat different from that in the foregoing. 

In this case, the defective or short-circuited coil is cut, as in the 
case of a single-parallel winding, and the motor connected to the line 
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to locate the commutator bars to which the short-circuited coil is 
connected, the same as before; but it will be noticed after stopping 
the motor that there are two burned spots on the commutator directly 
opposite each other, as shown in Fig. 8. 

If a jumper is connected to bars Jf. and 5, the armature will be 
open circuited and it is therefore necessary to also connect a jumper 
from bar 11 to bar 12, This, however, short circuits coil 2, which 
must also be cut out of circuit. In order to jump the defective coil 
properly and save the good coil, a jumper is connected from bar 5 
to bar It, as shown at B, Fig. 8. 
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Fig. 8. Wrong Method (A) and liigld Method (B) of Cutting Out a Defective Coil in a Single- 

Seru's (Wave) Winding 


Repairing short circuits on two-pole motors 

A short circuit may be between turns, between the top and 
bottom halves of coils, in the coil leads, or in the commutator. 
Where the short circuit is between turns, only one coil is affected. 
To locate, connect a bank of lamps in series with the armature 
winding and a low voltage supply, and touch adjacent commutator 
bars with the leads of a low reading voltmeter or millivoltmeter, as 
shown in Fig. 9. If there is a dead short circuit, the meter will 
show a zero reading; if only partially short circuited, it will show a 
partial reading; while all coils not short circuited will give the same 
or full readings. 

Another method, and one which is probably more reliable, is 
to use a growler. A growler is a coil wound over a horseshoe-shaped 
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laminated core, the ends of the horseshoe being opened about the 
ordinary width of an armature slot. Low voltage alternating current 
is impressed on this coil, which is in principle the same as the primary 
of a transformer. Any coil in the armature over which the growler 
is placed then acts as a secondary for the transformer. After plac- 
ing the growler over a given slot, a feeler is placed over the slot in 
which the other side of the coil is located. If this feeler vibrates, 
the coil under it is short circuited. 

To repair, open up the leads at the commutator and tape them 
back out of the way, and insert a jumper between the commutator 
bars thus vacated by the defe(*tive coil. 


/ l34S67a910ffn 
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Fig. 9. Method of Locating and Ttcpairing an Open 
Circuit in a Parallel (Lap) Winding 


A short fircuit between top and bottom halves can be located 
by the growler, although in this case there will be a different effect, 
and the method of repair is different. Since two coils are affected, 
two coils must be cut out of circuit. The same procedure is used 
in making repairs, that is, the ends of the two coils are taped back 
and two jumpers inserted. With two dead coils in the armature 
the remaining coils have to divide the voltage; and when the voltage 
is too great, the remaining coils often burn out, with the result 
that the armature has to be rewound. 
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A quick test to ascertain whether tlie short circuit is in the 
commutator or in the armature is made with the growler in the 
following manner. After locating the apparently short-circuited 
coil or coils, bridge the tw^o commutator bars at the seat of trouble 
wdth a screwdriver blade. If w^hen contact is broken at one bar 
a spark is seen at the point of break, the winding is short circuited. 
If no spark is seen, the commutator is short circuited. 

Short circuits between coil leads are harder to locate, and it 
is sometimes necessary to lift the top leads in order to locate. If 
the insulating strip between the top and bottom leads does not 
appear charred and there is no solder betw een the leads, it may be 
taken for granted that the trouble is in one of the other locations 
mentioned above. 

Repairing open circuits 

Just as the effeet of a short circuit varies in series-connected 
and parallel-connected windings, so does the effect of an open circuit 
also vary. 

An open circuit in a parallel winding is indicated by flashing of 
the brushes at one spot on the commutator, since the circuit is broken 
when the brushes pass the break at every revolution. With a parallel 
winding it is not necessary to test for the location of the open circuit 
since it is readily apparent. To repair, all that is required is to bridge 
the gap by connec*ting a jumper between the two commutator bars 
between which the arcing occurs. If time w ill permit, it is safer to 
remove the leads of tlie open-circuited coil, since if the circuit is 
accidentally closed through the ends of the break coming together, the 
coil will be short circuited and will heat up and may cause consider- 
able damage to adjacent coils. Make sure that the leads so removed 
belong to the open-circuited coil, otlierw ise there will be another open 
circuit. In order to determine that the circuit is complete through 
the armature, a test lamp in serit's with a low-voltage circuit is used. 

The method of locating and repairing an open circuit in a parallel 
winding is shown in Fig. 9. The bank of lamps shown in the diagram 
is connected to a suitable source of low voltage, either direct or 
alternating (providing the voltmeter is for the same circuit), and to 
the brushes of the motor which are left in contact wdth the commuta- 
tor. With the voltmeter leads connected to segments 11 and 12 ^ 
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as shown in the diagram, normal deflection of the voltmeter needle 
will result. With the voltmeter leads connected to segments 5 and 6y 
7 and 8, or 8 and 0, there will be no deflection of the voltmeter needle. 
With, the voltmeter leads connected to segments 6 and 7 or those 
segments to which the open circuited coil was originally connected, 
current will flow from the brush on segment through coils 4, and 
6, thence through the meter and through the coils connected to 
segments 7, 8, D, and U) to the brush on sc^gnient 10. The resistance 
of the meter being many times greater than the resistance of the 
armature windings, practically full voltage between the brushes will 
be indicated by the meter. 

If the open circuit does not occur in the leads from the windings 
to the commutator and it cannot be located, the assumption is that 
the break is somewhere in the slots and the two leads should be cut and 
taped so that there is no possibility of their coming together and a 
jumper connected as shown by the dotted line between bars G and 7. 

When an open circuit occurs in a series winding, one-half of the 
coils are dead. Ihilike a parallel winding, an open circuit in a series 
winding is indicated by a burned spot between commutator segments 
for every pair of poles — that is, for a 4-pole winding there are two 
burned spots; for a G-pole winding there are three; etc. 

In testing for an open circuit in a series winding, the apparatus 
required and the diagram of connections both for the test'and the 
method of repairing are shown in Fig. 10. ^ 

The same equipment is used for this test as is used for the parallel 
winding, only the results of the test are different. With supply 
voltage on the brushes and the voltmeter leads connected to bars 
5 and 6', the meter will be violently deflected, since all the voltage in 
one-half the winding is impressed on the meter. The same effect is 
obtained if the meter leads are connected to bars 11 and 12. 

In repairing an open circuit in a series winding, one jumper only 
is required. This differs from the procedure of repairing a short 
circuit in a series winding, as with a short circuit, two jumpers are 
required. The jumper is connected to the bars each side of the 
break, as shown in Fig. 10. If jumpers are connected at each point 
where arcing occurs, heating will occur in the two coils adjacent to 
the break. These coils are not short circuited but are connected in 
parallel, and since the voltage is too high for them, a circulating 
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current flows between them. Since these coils not only carry their 
share of the armature current but also this circulating current, they 
will heat up; and if the motor is fully loaded, they will burn out. 

Great care is therefore necessary in diagnosing the cause of 
trouble in series winding, to determine if the fault is due to a short 
circuit or an open circuit. 

A better method of inserting the jumper is that which is outlined 
in connection with a short-circuited coil in a series winding. Cut the 
coil completely out so that there is no possible chance of it short 
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Fig. 10. Method of Repairing an Open Circuit in 
a Series (Wave) Winding 


circuiting accidentally and connect the commutator bars adjacent to 
the break by means of a long jumper, as shown in Fig. 8 at B. 

Repairing a commutator 

A great many temporary repairs can be made to a commutator, 
which if made with care also constitute permanent repairs. Among 
those repairs mentioned in Table I, the most common is the cutting 
of ridges formed on the surface of the commutator by the wear caused 
by the brushes. The quickest method of reducing these ridges is by 
the use of a commutator stone. So simple is the use of the stone that 
the motor need not be taken out of service. The only precaution is 
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that the brushes should be worked up and down in the holders to 
keep the carbon and copper dust caused by the action of the stone 
from fouling. This operation should be performed every half 
minute. 

A short circuit in a commutator causes excess heating of the 
segments each side of the defect, and it is usually determined by the 
darkened appearance of these segments or bars. A short circuit 
between two bars of a commutator also has the effect of cutting the 
coil connected to these bars out of the armature circuit by short 
circuiting the coil and, unless immediately repaired, will burn out 
the coil so short circuited. 



Fig. 11 Method of Kopainng a Short Circuit 
between Adjacent Coiiimutatoi liars 


It is necessary to be absolutely certain that the trouble is in the 
commutator and not in the winding, and in order to locate the exact 
point of trouble, the following test should be made. 

If a voltmeter is convenient, a suitable voltage and current are 
applied to the motor brushes which are left in contact with the com- 
mutator. Touching the voltmeter leads to successive commutator 
bars will show by the voltmeter readings the seat of the trouble. 
When the voltmeter leads are connected to bars which are not shorted, 
the normal voltage across the coil registers. When connected to 
short-circuited bars, the reading is low’er, depending on the resistance 
of the short circuit. If the short circuit is due to carbon or copper 
dust in a cavity in the mica, a reading of from zero to one-half normal 
voltage is shown ; while if there is a dead short circuit, there will be 
DO deflection of the meter needle. 
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While this test will locate the exact location of the short circuit, 
it does not indicate whether the defect is in the commutator or in the 
coil, and it is therefore necessary to disconnect the leads from the 
commutator and again test as before. The diagram of connections 
for this test is shown in Figs. 9 and 10. 

There are three methods of repairing a short circuit in a com- 
mutator which will put the motor back in service without much loss 
of time and, exc('pt on very small motors, does not necessitate the 
removal of the armature. 

(1) Dig: 1h(' mica if burned between adjacent btirs until the mica appears 
a ^ray or normal color and fill the cavil v thus made with a mixture of powdered 
mica, orange shellac, and jilaster of Pans. This hardens and dries quickly, 
after which the motor may be put back into service. 

If the trouble has be(*n due to a repair job and there is no burned cavity 
between the bars and the voltmeter shows no di'tli'ction, the cause may be due 
to solder spanning the two afTe<*ted bars. If this is the cause, the solder may 
be removed with a sharp knife. If the cause is due to the bars being knocked 
together copper to coppc'r, a tile can be used to cut the copper to the mica and 
thus correct th(‘ fault. 

(2) If the nature of the defect is deeper than the above causes, as would 
be caused from grounding of twai bars, the ends of the coil wdiich is short cir- 
cuited by the defect are lifti'd from th(‘ commutator and taped apart. This 
lirocedure cuts out a good coil but puts the motor in shape for operation. 

(3) Lift the ends of the two coils which are connected together at the 
commutator bar on one side of the defective spot (it makes no difference which 
side) and conn<‘ct these together back of the commutator, as shown in Fig. 11. 

Repairing faults due to grounds 

A ground in an armature may be caused from various reasons 
and may be eitlier in tlie winding or in the commutator or in both. 
When a ground occurs in both the winding and the commutator on 
rare occasions, the result is usually a short circuit, since, while not 
impossible, it is highly improbable that two grounds may occur in the 
same section, that is, in a coil and in the commutator bar to which 
one side of the coil connects. 

A ground in a coil is usually caused from stresses or poor insula- 
tion. If the slots are poorly insulated and the coils not packed tightly 
in them, stresses due to centrifugal force and magnetic induction 
may chafe the insulation and allow the conductors to come in con- 
tact with the core. 

Another cause may be due to insulation failure at the end of the 
slot, the coil not being brought out straight enough before making 
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the turn around the back of the armature. A ground in the winding 
may also be due to rough usage in removing the armature from the 
frame. 

A ground in the commutator may be due to rough usage, a short 
circuit, an open circuit, loose clamping rings, and other causes. The 
cones which clamp the commutator to the shaft are insulated from 
the commutator with sheets of mica and, if the clamping ring be- 
comes loose, the mica is liable to shift and allow the segments to 
come in contact with the cones. 

Another cause of a ground in a commutator may be due to a path 
formed between a segment and the clamping ring due to high voltage, 
oil and dirt, or failure of the insulation back of the ring. This fault 
will not happen unless the frame of the motor is grounded, but since 
all motor frames must be grounded, the fault can happen from the 
causes enumerated above. 

In order to locate a ground in either a coil or a commutator bar, 
the winding must be divided into open sections by removing the 
leads from the commutator. Each section is then tested by means 
of a lamp in series with a low-voltage circuit, one end of the test set 
being permanently connected to the shaft while the other end is 
successively touched to the various sections of the commutator. 

When the faulty or grounded section is found, the leads of all 
coils in this section are disconnected from the commutator and each 
coil and segment tested separately. After the ground is located, if 
in a coil, the coil is either removed or cut out of circuit. 

When testing for a ground with a voltmeter, the grounded seg- 
ment or coil will give a smaller reading than a normal segment or coil. 

Repairing held windings 

The faults that may happen to the field windings of a universal 
motor are open circuits, short circuits, and grounds. 

An open circuit in a field winding may be caused by the con- 
nections becoming loose through vibration or rough handling. Since 
the field and armature are connected in series, a break in the field 
winding or connections will make the motor inoperative. 

In order to locate the break, the armature is disconnected from 
the field and each tested separately. If the break is in the connec- 
tions, it is a simple matter to repair; but if the break is in any of the 
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field coils, the motor must be taken out of service and a new field 
coil inserted. 

A short-circuited field coil may be caused by the leads coming 
in contact with one another; by the insulation breaking down between 
two turns in different parts of the coil; by moisture in the coils; and 
by grounds. 

The leads coming in contact with one another wall completely 
short circuit the field coil. This seldom happens unless the leads are 
soaked in oil and heated up by an overload on the motor so that the 
insulation is charred and broken off. 

The insulation breaking down between two turns in different 
parts of the coil only partially short circuits the coil, the amount of 
the field winding short circuited depending on the location of the 
turns which are together. This defect may be caused by turns of 
highly different potential crossing one another accidentally at the 
outside end turns. 

The moisture in the coil is caused from the motor operating in a 
damp location and the coils not being properly impregnated against 
moisture. 

Grounds may be caused from moisture breaking down the in- 
sulation on one field or on two fields, the first being a local short, the 
latter a short circuit of sections of two coils; and if the motor has two 
poles, both fields are short circuited and practically all the current 
flows through the armature. 

A short-circuited field coil, if motor is operated on direct current, 
is indicated by its being cooler than the rest of the coils; but as this 
is not always reliable, a better method of testing is in the use of a 
voltmeter by which the drop of potential is measured across each 
coil. Where none of the coils are short circuited, the voltmeter 
reading across each coil is equal to the line voltage divided by the 
number of coils in series. If one coil is short circuited, the voltage 
drop across this coil is less than that across the others (anywhere 
from near full reading to zero). With a zero reading, the coil is 
completely short circuited, and thus puts all of the voltage on the 
remaining coils, which is the cause of their being hotter than the 
defective coil. On alternating-current motors, a short-circuited field 
coil is hotter than the others and is easily located. 
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A VIEW OF THE METHOD USED IN WINDING THE STATOR OF A 100 HORSE- 
POWER, 1200 R P M . 440 VOLT FYNN WEICHSEL MOTOR 

Courtesy of Wagner Electric Cory 
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REPULSION-INDUCTION 

MOTORS 

Introduction. Owing to the difference in d^^'^ign and character- 
istics, single-phase motors of the following typt^s cannot be classi- 
fied in general as to methods of keeping them in running condition 
and repairs, and it is therefore necessary to treat each type separately. 

The repulsion start induction motor manufactured by the 
Century Electric (\)mpany, the compensated induction motor manu- 
factured by the Wagner Electric Corporation, and the repulsion 
induction motor manufactured by the General Electric Company 
and Wagner Electric Corporation are representative types of single- 
phase motors. 

CENTURY REPULSION»INDUCTION MOTOR 
Operating instructions* 

In order to keep a Century repulsion-start-induction motor in 
perfect running order and cut the cost of maintenance, the following 
points should be observed. 

(1) Keep the bearings well oiled. 

(2) Keep the commutator clean. 

(S) 8ee that the brushes are of proper length and that they press at all 
points on the commutator. 

(4) See that the brushes move freely in the holders. An accumulation of 
dirt and oil will prevent them from functioning properly. 

(5) See that the starting load is not too great. A Century motor will 
carry a much greater load after it is running at full speed than it will bring up 
to speed, since it has a greater torque at running. 

(6) See that the governor functions properly. After the governor has 
functioned and the motor is up to full speed and carrying load, the spring barrel 
ring should enter the bore of the brush-holder rigging sufficiently to allow the 
parallel motion fingers which are fastened to the brush holder to rest on the out- 
side of the ring. In its proper position, the governor should allow a clearance 
of at least ^ inch between the commutator and the brushes. The governor 
mechanism should be oiled sparingly, just enough to keep it from rusting and 
not enough to allow an accumulation of dirt which will clog it. The governor 
mechanism should also be blown out occasionall> . 

’'‘Tho author is indebted to the Century Electric Company for information supphed on 
operating instructions. 
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(7) See that the spring barrel does not stick in the brush holders when 
the motor is at rest. If this is allowed, the brushes cannot come to their normal 
position against the commutator. If the brushes are not in contact with the 
commutator in starting, the motor cannot start. 

(8) Be sure the connections are properly made for the voltage of the line. 
If the connections are made for 220 volts and the line voltage is 110 volts, the 
governor cannot function , properly if the motor is starting under load, since 
it cannot develop sufficient torque to accelerate properly. 

(9) See that the short-circuiting device functions properly. If the seg- 
ments do not make contact with the commutator bars, the brushes will arc 
after the governor has functioned. The short-circuiting brushes should be 
cleaned occasionally. 





Reversing direction of rotation 

The direction of rotation on a Century motor is changed by 
shifting the brush holder. On the commutator end of the motor 
there is a brass plate attached to the end bracket with two lines 
marked on it. At these marks are the letters “R^^ and “L’’, indicating 
right-hand and left-hand rotation. To reverse the motor, loosen the 
set screw and move the brush holder to the opposite letter. 

Where it is desired to reverse the direction of rotation without 
shifting the brushes, the motor is wound for this duty and four extra 
leads are brought out from the winding, which connect to a reversing 
double-throw switch. Fig. 1. Before reversing the motor, it is neces- 
sary for the governor to return to the normal starting position. 
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TABLE I 

Troubles of Century Motor 


Symptom 


Trouble 


Cause 


1. Hot bearings 


(a) Bearing dry 

(b) Bearing dirty 

(c) Bearing tight 


(d) Oil rings not 
working 


(a) Not sufficient 
oil, oil rings not| 
working 

(b) Dust or dirt 
in oil 

(c) Not sufficient 
oil, oil rings 
not working, 
or particles of 
metal sheared 
off and de- 
posited at other 
parts 

(d) Rings out of 
slots 


(a) 


(b) 


(c) 


(e) Bearing binding 


(f) Bearing out 
of true 


(g) Loose bearing 


(e) Shaft out of 
true 

(f) Too much 
strain on 
pulley 


(g) Vibration 


2. Brushes do 
not leave 
commutator 
when motor 
is nearly up 
to speed 


(lovernor fails 
to function 


(a) Low voltage 


(b) Overload 


(c) Governor stick- 
ing 


(d) 

(o) 

(0 

(a) 

(b) 

(c) 


Remedy 


Refill with clean oil, after washing 
bearing with kerosene. 


Refill with clean oil, after washing 
bearing with kerosene. 

Scrape bearing and shaft or replace 
bearing. 

(Note Nrvor use icc or water on a hot 
bcanns unless the motor is kept runiuua 
as it IS liable to spring the shaft.) 


Replace rings, making sure no 
metal adheres to sides of slots. If 
rings stick or run slowly, bevel at 
either top or bottom with a fine 
file. 

Place shaft in a lathe and true and 
renew bearing. 

Bearing should be shimmed with 
thin pieces of tin as a temporary 
expeclient, or replaced by a new 
one. 

Tighten set screws holding bear- 
ing in journal. 


See that connections are made for 
proper voltage. Test voltage with 
a lamp to determine its value. 


Remove load to see if governor 
functions with motor running 
light. If it does, remove part of 
the load. 

If the motor is operating in a cold 
location, the oil on the governor 
may stick and make its action 
sluggish. Wipe off excess oil or 
apply kerosene sparingly. 
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TABLE I — Continued 
Troubles of Century Motor 


Symptom 

Trouble 

Cause 

Kemedy 



(d) Frequency of 
circuit different 
from that for 
which motor is 
d(‘signed 

(d) If a 60-cycle motor is operating on 
a 2r)-cycle circuit, its speed is 
only ^ g of what it was on 60 cycle, 
therefore the governor cannot 
function. Replace the motor with 
one of pi oper fretiuency. 



(e) Goveinorout 
of adjustment 

ic) Remove load and determine if 
motor will come up to speed and 
operate the governor. If the gov- 
ernor does not function, the fault 
may be due to too great a tension 
on the spring barrel. If the speed 
of the motor decreases after the 
governor has functioned, loosen 
the spring barrel nut, which is 
situated on the armature shaft at 
the commutatfn end, one or more 
turms. 

3. Speed of mo- 
tor fluctu- 
ates 

Governor cuts 
in and out fre- 
quently 

(a) Governor ten- 
sion not cor- 
rect for fre- 
quency of the 
circuit 

(b) Variation of 
circuit fre- 
quency 

(c) Change of cir- 
cuit voltage 

(d) Low voltage 
due to motor 
wiring not 
being heavy 
enough for 
intermittent 
overloads 

(c) Loose connec- 
tion at motor 
terminals or in 
the circuit 

(f) Overload 

(g) Poor contact 
between short- 
circuiting seg- 
ments and com- 
mutator 

fa) Adjust the tension, first, by slack- 
ing off on the spring nut, and then 
tightening tension until the desired 
setting IS obtained. 

fb) No remedy. The frequency usu- 
ally settles down after a few mo- 
ments. 

(c) No remedy. The voltage usually 
settles down after a few moments. 

fd) Increase size of wires supplying 
motor. 

(e) Locate and repair. 

(f) Remove part of the load or in- 
crease size of motor. 

(g) Remove any accumulation of oil 
and dirt and sandpaper the seg- 
ments. 
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TABLE I — Continued 


Troubles of Century Motor 


Symptom 

! 

Trouble 

Cause 

Kemedy 

4. Abnormal 

(a) Short circuit 

(a) (1) Carbon be- 

(a) (1) Remove with a three-cornered 

arcing at the 
brushes 

in armature 
circuit 

tween com- 
mutator bars 

(2) Insulation 
burned from 
leads con- 
necting to 
commutator 

(3) Complete 
short cir- 
cuit of one 
or more 
armature 
coils 

file. 

(2) Tape the leads if at all possible. 

(3) These may be jumped, but it 
is better to remove and replace 
them. 

(Notk: To test for a short circuit in the 
armature: (1) Remove all load from the 
motor. (2) Raise brushes from commu- 
tator. (3) Connect the motor to the hne. 
fi) Turn the armature by hand.) 

If a short circuit exists in the arma- 
ture windinRS, the armature will stick 
f>pposite each pair of poles. The short- 
circuited section will be indicated by 
the armature jumping while the defec- 
tive section is passing the center of a 
pole. 


(b) Loose contact 
between short- 
circuiting seg- 
ments and 
commutator 

(b) Segments 
jammed in 
holders 

(b) Sandpaper the segments and com- 
mutator and see that short-cir- 
cuiting segments are not sticking. 

5. One section 

Short-circuited 

Defective in- 

The only practical remedy for a 

of the stator 
winding hot- 
ter than the 
others 

field winding 

sulation, or 
leads short 
circuited 

short-circuited field winding is to 
rewind it. 

6. Motor heats 
up although 
the load is 
no greater 
than ordi- 
nary 

Displaced air 
gap 

Bearings worn 

There should be a clearance of 
from .015*^ to .030" between the 
armature and field. The only 
remedy is a new bearing. 

7. Motor fails 
to start 

(a) Load too great 

(a) Load too great 

(a) Disconnect load to see if motor 
starts light. 


(b) Friction 

(b) Bearings too 
tight 

(b) Scrape bearing and see if it turns 
easily on the shaft. 


(c) Fuse blown 

(c) Overload or 
short circuit 

1 

(c) Replace fuse and try again. 


m 
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TABLE I — Continued 
Troubles of Century Motor 


Symptom 


Trouble 


Cause 


Remedy 


(d) Open circuit 
in line 


(d) Wires broken 
or disconnected 


(d) Examine line and connections; 
test with a magneto to locate 
break and repair. 


(e) Open circuit 
in stator 


(e) Rough usage 
or original 
short circuit 
which may 
have burned a 
coil or connec- 
tion 


(e) Open up the various connections 
on the stator coils, test each one 
until the open-circuited coil is 
located, then rewind it as a coil 
in a stator winding of this kind 
cannot be jumped. 


(f) Rotor rubbing 
the stator core 


(f) Bearing worn 


(f) Replace bearing, or shim the bear- 
ing if possible. To shim a bearing 
place a thin sheet of tin under it. 


(g) Open circuit 
in armature 


(g) Rough handling 
or original short 
circuit w'hich 
may have 
burned a coil 
or connection 


(g) Test out adjacent commutator 
bars and locate the trouble. Bridge 
the gap as a temporary expedient. 
Rewind coil or whole armature. 


(h) Brushes not in 
contact with 
the commuta- 
tor 


(h) (1) Brushes too 
short 

(2) Brushes 
stuck in holders 


(h) (1) Renew brushes. They should 
all bo exactly the same length. 

(2) Work brushes back and forth 
in the holders to loosen them. 


(i) Poor commu- 
tation 


(i) Brushes on 
neutral 


(i) Shift the brushes to the side of 
neutral that gives the proper di- 
rection of rotation. 


5 
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There are four leads brought outside the frame of the Century 
motor so that the twn halves of the winding can be connected in 
series for 220 volts, or in parallel for 110 volts. Fig. 2 shows the 
manner in which to connect the motor for different voltages. 


Fig 2 Method of Connecting the Leads of a Century Motor to Operate on Different 

Voltages 

Locating troubles 

Owing to the construction of a Century motor, the troubles 
encountered may be as mucli mechanical as electrical. The usual 
troubles encountered are found in Table 1. 

WAGNER ELECTRIC MOTORS 

Wagner motors arc made in both compensated winding and re- 
pulsion induction tyi)es. Of the older types, the ‘‘BK” is an example 
oTthe compensated induction motor, while the “8W5BA’’ is an ex- 
ample of the repulsion induction motor. Their latest types which 
have superseded both the older types of comiiensated and repulsion 
induction are the ^'60’^ and the ^^76XRA^\ Since there are several of 
the older types to be found in operation, a brief description is given 
of them. 

The compensated induction motor is essentially a squirrel-cage 
rotor induction motor with a compensated winding on the stator in 
addition to the regular stator winding, and a commuted winding 
similar to a direct-current winding and a commutator on the rotor 
in addition to the squirrel-cage winding. The squirrel-cage bars are 
placed in slots under the direct-current winding and are separated 
from them by magnetic bridges. The squirrel-cage bars are connected 
together at each end of the armature by end rings, as in a polyphase 
induction motor. There are two sets of brushes on the commutator — 
one set being connected in series with the compensated winding, the 
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other set short circuited. The commutator is parallel to the shaft. 
In starting, the brushes connected to the compensated winding are 
held from the commutator by means of a centrifugal switch, and do 
not make contact with the commutator until approximately 85 per 
cent of full speed is attained. When running, both sets of brushes 
are in contact with the commutator, the compensated winding acting 
as an auxiliary winding to maintain a high power factor in the motor. 

Operating instructions* 

In order to keep a Wagner Electric ‘TiK’* motor in perfect 
running order, the following points should be observed: 

(1) Keep the motor well oiled. 

(2) K(»ep the commutator clean and slightly undercut. 

(3) See that the brushes fit properly on the commutator and are free to 
move in the holders. 

(4) See that the centrifugal switch functions properly and that the brushes 
connected to the compensated winding are not in contact with the commu- 
tator while the motor is being started. If these brushes make contact in starting, 
a heavy starting current will flow through the winding; and since this winding 
is of smaller conductor, it is liable to burn out, especially if the motor is loaded. 

(5) 8ee that the short-circuiting brushes are in contact with the commu- 
tator both in starting and running. 

(6) Blow out the windings and brush rigging with a hand bellows or blower 
as soon as an excess of dirt is noticed. 

(7) S(ie that there is proper clearance between the rotor and stator. 

( 

Locating troubles 

The troubles usually encountered with ‘TIK’’ motors, together 
with their symptoms, causes, and remedies are found in Table II. 

Type “BA’’ and “RA” motors 

The Wagner “BA” motor is similar to the “RA” type in per- 
formance, the main feature of the “RA” being its simplicity of con- 
struction. On the “BA” motor, the brush-holder assembly comprises 
thirty-six parts and the governor mechanism twenty-two parts, 
while on the “RA” type there are fifteen parts in the brush-holder 
assembly and six in the governor mechanism. 

The stators of both the old and new types have only one wind- 
ing — of the concentric type. The special characteristics of these 
niotors are secured by the rotor construction. The rotor carries a 

*For some of the operating instructions the author is indebted to the Wagner Electric 
V orporation. 
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TABLE n 

Troubles of Wagner "BK” Motor 


S3Tnptom 

Trouble 

Cause 

Remedy 

1. Hot Bearing 

(a) Bearing dry 

(a) Not sufficient 
oil or oil rings 
not working 

(a) Refill with clean oil, after washing 
bearing with kerosene. 


(b) Bearing dirty 

(b) Dust or dirt 
in oil 

(b) Refill with clean oil, after washing 
bearing with kerosene. 


(c) Bearing tight 

(c) Not sufficient 
oil, oil rings 
not working, 
dust or dirt in 
oil, or particles 
of metal 
sheared off and 
deposited at 
other parts 

(e) Scrape bearing and shaft or re- 
place bearing. 

(Note Nover uso ice or water on a hot 
beaniiK unless the motor is kept run- 
ning as it IS liable to spring the shaft.) 


(d) Oil rings not 
working 

(d) Rings out of 
slots 

(d) Replace rings, making sure no 
metal adheres to sides of slots. If 
rings stick or run slowly, bevel at 
either top or bottom with a fine 
file. 


(e) Bearing bind- 
ing 

(e) Shaft out of 
true 

(o) Place shaft in a lathe and true 
and renew bearing. 


(f) Bearing out 
of true 

(f) Too much 
strain on 
pulley 

(f) Bearing should be shimmed with 
thin pieces of tin as a temporary 
expedient, or replaced by a new 
one. 


(g) Loose bearing 

(g) Vibration 

(g) Tighten set screws holding bear- 
ing in journal. 

2. Brushes on 
compensa- 
ted winding 
do not make 
contact with 
commutator 
when motor 
is nearly up 
to speed 

(a) Centrifugal 
switch mech- 
anism fails to 
function 

(a) Overload 

(b) Low voltage 

(c) Switch sticks 

(d) Wrong fre- 
quency 

(a) Remove load to see if switch func- 
tions when the motor is running 
light. If it does, remove part of 
the load. 

(b) Test the voltage with a lamp or 
voltmeter. 

(c) Oil sparingly and work a few times 
by hand. 

(d) Motor designed for a frequency 
other than that of the circuit. 
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TABLE n — Continued 
Troubles of Wagner “BK” Motor 


Symptom 

Trouble 

1 

Cause 

Remedy 

3. Compensa- 
ted winding 
heats up 

Brushes con- 
nected to this 
winding in con- 
tact with the 
commutator 
during the 
starting period 

Centrifugal 
switch docs not 
function 

Overhaul switch and oil sparingly 
and operate it by hand a few 
times. 

4. Abnormal 
arcing at the 
brushes 

\ 

(a) Short circuit 
in armature 
circuit 

(b) Loose contact 
between short- 
circuiting 
brushes and 
commutator 

(a) (1) Carbon 
dust between 
commutator 
bars 

(2) Insulation 
burned from 
leads connect- 
ing to com- 
mutator 

(3) Complete 
short circuit 
of one or more 
armature coils 

(b) Brushes too 
short or stick- 
ing in holders 

(a) (1) Undercut commutator with a 
file or slotter. 

(2) Tape leads if at all possible. 

(3) Connect a jumper across the 
short-circuited coil or coils or re- 
wind the armature. If a short 
circuit exists in the armature 
windings, the armature will stick 
opposite each pair of poles. The 
short-circuited section will be in- 
dicated by the armature jumping 
while the defective section is pass- 
ing the center of a pole. 

(b) Renew brushes if former; work the 
brushes until they are loose in the 
holders if the latter. Sandpaper 
the commutator and brushes. 

5. Motor heats 
up although 
the load is 
no greater 
than ordi- 
nary 

Displaced 
air gap 

Bearings worn 

There should be a clearance of 
from .01 rr to .030" between the 
armature and field. The only 
remedy is a new bearing. 
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winding similar to the winding of a direct-current armature which is 
connected to a commutator, the face of which is at right angles to 
the shaft. Short-circuited brushes bear on the commutator. The 
rotor is equipped with a centrifugal device which is adjusted to 
operate at about 85 per cent of full speed, at which time the brushes 
are automatically lifted from the commutator and the commutator 
is short circuited. 

When the motor is at rest, the rotor acts in the same capacity 
as a direct-current armature with the short-circuited brushes in 
contact with the commutator. With the stator windings connected 
to the line, currents are induced in the rotor winding, these currents 
flowing through the short-circuited brush connections. The brush 
axis is displaced slightly from the axis of the stator winding, thus 
producing a high starting torque. 

When the motor has accelerated under this torque to about 85 
per cent of full speed, the centrifugal governor lifts the brushes from 
the commutator and short circuits the rotor, thus giving the rotor 
squirrel-cage cl i a r acter ist ic*s . 

Thus, during the starting period, there are two distinct prin- 
ciples of operation. In the initial period, the entire torque results 
from repulsion motor action; and in the second period of starting, 
the torque is from induction motor action. By the combination of 
these two principles of operation there is secured : 

(1) A high torqiio characteristic of repulsion niotor starting with a low 
starting current. 

(2) By changing to induction motor characteristics, the speed is main- 
tained constant. 

(3) By removing the brushes from the commutator, wear of both brushes 
and commutator is limited to the starting period only. 

Reversing direction of rotation 

All types of Wagner repulsion and compensated induction 
motors are reversed by shifting the position of the brush holders so 
as to bring the axis of the brushes on the opposite side of the axis of 
the stator winding. A set screw on the collar fitted to the brush 
rigging at the commutator end of the motor is loosened in shifting 
the position of the brushes. After changing the direction of rotation, 
this set screw should be firmly tightened, otherwise the brushes may 
shift and interfere with the starting of the motor. 
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Operating instructions 

The instructions for keeping the various types of Wagner re- 
pulsion induction motors in proper running condition are the same 
as for the ''BK” compensated induction motor. 

Locating troubles 

The troubles usually encountered with Wagner repulsion induc- 
tion motors are the same as for the compensated motor, with the ex- 
ception of one symptom — the brushes do not leave the commutator 
when approximately full speed is attained. The trouble is that the 
governor fails to function because of low voltage; overload; governor 
sticking; frequency of circuit difl'erent from that for which motor is 
designed; ot governor out of adjustment. The following remedies 
may be applied ; 

(1) Soo that connections arc made for proper voltage. IVst voltage with 
a lamp to determine its value. 

(2) Ri'inove load to see if governor functions with motor running light. 
If it does, remove part of the load. 

(3) If the motor is operating in a cold location, the oil on the governor 
may stick and make its action sluggish. Wipe off excess oil or apply kerosene 
sparingly. 

(4) If a 00-cycle motor is operating on a 25-cvele circuit, its speed is 

ol its former sjieed and, therefon* the governoi <‘:innot function. The only remedy 
IS to replace the motor with one of proper Irequency. 

(5) Remove load and determine if motor will come up to speed and operate 
the governor. If the governor does not function, the fault may be due to too 
great a tension on the spring barrel. If the speed of the motor decreases after 
the governor has functioned, loosen the spring barrel nut which is situated on 
the armature shaft at the commutator end one or more turns. 

GENERAL ELECTRIC MOTORS 

The General Electric “RI” and “RSA” single-phase motors 
differ from the Wagner repulsion motors in that the brushes are in 
contact with the commutator both in starting and running. The 
commutator is parallel to the shaft in both types. 

Reversing direction of rotation 

The direction of rotation on both the“ RI” and“RSA” types is 
accomplished by shifting the axis of the brushes to the opposite side 
of the axis of the stator winding. The type“RI” is reversed by 
loosening the set screw on the brush-rigging collar and shifting the 
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brushes to the opposite side of neutral. Care must be exercised that 
the set screw fits in the dowels, otherwise there will be poor commu- 
tation and flashing at the brushes, and the motor will run at reduced 
speed. 

The type “RSA'^ is reversed by shifting the end bells of the 
motor with respect to the stator windings. There are two sets of 
holes through the stator core through which the bolts fastening the 
end bells pass. The brush rigging is permanently fastened to the 
front end bell so that it is necessary to remove the end bells and slip 
the bolts through the opposite holes in the stator core. 

BALDOR REPULSION-INDUCTION MOTORS 



Fig. 3. Cut-away View of Short-Circuiting 
Switch of a Baldor Motor 

Courtesy of Baldor Electric Co., 

St. Louis, Missouri 


In the Baldor motor the short-circuiting device consists of a 
large number of fingers, loosely assembled and retained in a housing 
by a spring, Fig. 3, that pushes against the spring barrel. When the 
rotor of the motor reaches three fourths of normal speed, the centrif- 
ugal force on the fingers is great enough to push the spring barrel to 
the right and allow the tips of the fingers to touch the ends of the 
commutator bars. These fingers connect all the bars to the ring, thus 
short-circuiting all the commutator bars and rotor winding. The 
centrifugal force holds the fingers in this position imtil the motor is 
shut down or an overload stalls the rotor. 
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POLYPHASE INDUCTION 
MOTORS 


Operating instructions 

In order to get maximum operating results from induction 
motors and tlieir auxiliary equipment, it is necessary to keep the 
cciuipment and motor as clean as })ossible. Dirt of various descrip- 
tions is pre\'alent in every manufacturing plant and constant vigi- 
lance is required to combat it. 

One of the worst effects of dust and dirt in connection with an 
induction motor is that it chokes the air ducts in the laminations, 
fills up the air gaps betw(‘en the stator and rotor, and contaminates 
tli(‘ oil in tlie bearings. In order to take care of the dust that accum- 
ulates in and around the motor windings, either vacuum cleaners or 
blowers may be used. Suction or vacuum (deaners may be used to 
good advantage 'wluTe the dust is of a dr;s natiire, but where the dirt 
is moisture laden, oil soaked, or adhesive, it is necessary to use com- 
pressed air. Caution is required in the use of compressed air, since 
it always contains moisture; and j)ressures over one hundred pounds 
per square inch should not be used, since the windings are likely to 
be damaged. 

The induction motor is of rugged construction and can be built 
to withstand considerable moisture, fumes of various kinds, and 
chemicals in powdered or liquid form by impregnating the windings 
wdth special varnish under vacuum. While this treatment adds 
slightly to the cost, it is w^arranted if the motor is to be subjected 
to moisture or other foreign substance. If the location of the motor 
is su(‘h that it is subject to overflow^ of tanks, it may be protected by 
a metal hood, as show n in Fig. 1 . This hood is made from 12 to 14 
gauge steel, supported by feet fastened to the frame by the end-bell 
bolts. If the location of the motor is such that it Is subjected 
to intense heat or severe gases, a metal housing such as is illustrated 
in Fig. 2 may be used. The housing is provided with an air inlet 
and outlet from ‘outside the building, through which a current of 
fresh air passes constantly to the windings. Sliding doors are placed 
at each end to facilitate oiling and inspection of the motor. ' 
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Fig 1 One Method of Housing a Motor to J*rotect It 
from Water 



Fig 2. Method of Housing a Motor to Protect It Against 
Moisture, Fumes, and Dust 


iTn 
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The bearings of motors require constant attention if the life of 
the bearings is to be prolonged. Sleeve or friction bearings cause the 
greatest amount of trouble of any type of bearing and require almost 
constant attention. Bj-Il and roller bearings do not require near the 
attention and, although more costly than sleeve bearings, soon pay 
for the extra cost in increased life and freedom from repairs and re- 
placements. While it is customary to service sleeve bearings once 



Fig 3 Proper Method of Making a Bearing to Prevent the Oil from Siphoning 


daily, ball and roller bearings require servicing approximately once 
every three months for high-speed bearings and once ever^ six months 
for low-speed bearings. 

Sleeve bearings which are not properly fitted allow the oil to 
siphon out where it is drawn onto the windings. One way of prevent- 
ing this from happening is to equip the bearing as shown in Fig. 3. 
Holes are placed in both ends of the bushing to allow the oil to drop 
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throlfgh into the oil chamber, and the ends of the bearing are fitted 
with felt washers which prevent siphoning. 

Oil softens the insulation and soaks into tlie windings, and when 
the windings are subjected to heat as from an overloatl, the insulation 
becomes brittle,, cracks, and allows any foreign matter to come in 
contact with the conductors. 

Care must be excr(*ised when lubricating a bearing that the over- 
flow pipe or indicator is not clogged. Alua>s examine tlie oil rings 
to see if they are revolving. 

Care and maintenance 

The inspection of motors, or in fact, of any electrical equipment 
often shows some defect whi(‘h can be remedied without shutting 
down the equipment, or at most, for a short time only. Inspections 
may be divided into daily, weekly, monthly, tri-yearly, and yearly. 
Table I is given as a guide for pro|)erly maintaining electrical equip- 
ment. It is not always possible to take every motor in an industrial 
plant out of service once a year, but it is possible to take some, for 
instance those having intermittent and periodic* duty. It is also 
possible to dry out a motor that has been immersed or water-soaked 
by placing space heaters around the frame and covering the whole 
with a metal hood. At the same time the motor may be treated to 
a fresh coat of varnish by simply removing the end bells. 

Winding defects 

The folIo^\ing faults and remedies are intended to show the 
cause and cure of troubles resulting from wrong connections in a 
motor which has been totally rewound, partly rewound, or recon- 
nected in any way. It is usual to test a motor in the shop before it 
is assigned to duty. Winding defects may be classified under the 
following headings. 

(1) CJrounds 

(2) Short circuit within a coil 

(3) Short circuit of a conijilcto coil 

(4) Short-circuited pole-phase group 

(6) Open circuit 

(6) Reversed coil 

(7) Reversed pol(»-pha8e group 

(8) Reversed phase 

(9) Wrong grouping 

(10) Wrong connection for a given voltage 

(^1) Wrong speed and number of poles 
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Switches 
and fuses 


Inspect and 
clean if nec- 
essary 

Inspect and 
clean 


Switch and 
fuse con- 
tacts should 
be renewed 
if badly 
pitted 
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If in a damp place, 
feel the oil tank. If 
hot, it denotes the 
presence of water in 
the oil 

Overhaul starter if 
motor is started and 
stopped frequently 

1 

Overhaul starters 


Oil s h 0 ii 01 be 
changed in all start- 
ers 

Se<* if there is proper 
end play 

U&e feeler between 
rotor and stator to 
find if rotor is out 
of center 


[Rotor should be 
cleaned and if 
wound rotor, it 
should be treated 
same as stator 
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Feel for excess heat- 
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IAII windings should 
be cleaned, var- 
nished and baked 

Motor frame 

Examine ground 
wire 

Adjust end bell^^ t* 
center the rotor if 
air gap is not the 
same width at all 
points 



Frame should bt'i 
cleaned wdth kero- 
sene and painted 

j 

Bearings 

Oil if necessary. See 
that rings are work- 
ing. Feel for rise in 
temperature 

Elxamine oil and re- 
new if gritty or 
darker in color than 
usual 

Renew oil on all 
high-speed motors i 
and all others situ- 
ated in dusty loca- 
tions 

Bearings should be 
drained and cleaned 
with kerosene and 
the oil renewed. 
High-speed sieevi 
bearings should b( 
carefully examined 
and in most cases 
renewed. Ballbear- 
ings should be 
cleaned and greased 

Renew all bearings 
that are badly worn 
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Grounds. Grounds are usually caused in a new winding or in 
a repaired winding by careless handling or insertion of coife in the 
slots. If the slot insulation does not extend past the face of the slot, 
the insulation of the coil is easily damaged if the coil is bent. Again, 
if the slot insulation extends too far beyond the slot, bending the coil 
will rip the fiber and a ground may be the result. After inserting 
each coil in a slot, it should be tested for ground, using either a 
magneto, Megger, or a bank of lamps. (A Megger should be used if 
at all possible.) If a ground is indicated, the coil should be taken out 
or reinsulated before proceeding with the taping. After all coils are 
inserted and taped, it sometimes happens that a coil which previously 
tested O.K. is grounded. It is therefore best to test each coil separ- 
ately before connecting, as the grounded coil is more easily located. 
If, however, a motor which tested O.K. becomes grounded after 
being connected, due to rough handling, it may be necessary to use 
the ‘'smoke method” to discover the ground. This method consists 
of impressing a higher voltage than normal on the windings. The 
connection between the windings and frame at the ground will be- 
come hot or will arc, and the ground is usually found without much 
trouble. If, however, it cannot be located by this means, passing a 
heavy current through the windings may locate it. Care must be 
exercised in using this method, as the heavy current may injure the 
balance of the windings. On an ungrounded system and where no 
other equipment is grounded, a single ground on a motor will cause 
no damage; but on a grounded neutral system, a ground on a star- 
connected motor will cause an unbalance in the phase currents, with 
attendant heating. A ground has little or no effect on a delta-con- 
nected motor on a grounded neutral system unless another motor in 
close proximity to it is also grounded. 

Fig. 4 shows a ground in each of two phases, which, while not 
constituting a dead short circuit, will cause the windings in these 
two phases to heat up and burn out, since these windings have been 
shortened. Fig. 5 shows graphically the effect on the windings. 

Short circuit within a coil. This is generally due to two layers 
getting crossed and wedged when the coil is tamped in the slot, as 
is generally necessary with a basket type coil. A coil thus affected 
becomes hot if used with normal voltage even If there is no load on 
the motor. This is the only symptom. A defect of this kind can be 
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located by means of an exploring coil, Fig. 6. The exploring coil 
consists of several turns of magnet wire wound around a core of 
several layers of sheet iron or steel formed as sliown in the diagram 
and open at the bottom. The coil is excited by a low alternating 
voltage and really constitutes the primary of a transformer, the 
secondary of which is any coil in the winding to be tested, and over 
which the primary is placed. The short-circuited coil will be readily 
noticed by a heavier current flowing in it and by the increased heat- 
ing. A sure method is to place a small piece of soft iron over the 
side of the coil opposite to that over which the exifloring coil is 
placed, and if the coil is short circuited, the iron feeler will vibrate 


EXPLORING 



COIL 


Fig 6 Method of Vsing an Exploring Coil to Lor it<* a Short 
Circuit in an Induttum Motor 


due to the flux produced in the short-circuited (*oil. The same method 
is used where a whole coil is short circuited at its stubs or con- 
nectors. 

Short circuit of a complete coil. A wdiole coil is short circuited 
by having its two ends wrongly connected together or to a group 
connection. The only symptom is that the coil is hotter than those 
next to it. 

Short-circuited pole-phase group. About the only w ay in w hich 
a whole group can be short circuited is by closing the group when 
making the phase end connections. A defect of this kind is indicated 
by the group becoming hotter than the remaining groups when 
voltage is applied to the windings. This defect can be found by 
means of the exploring coil. Fig. 6; but it is more readily found by 
the compass method. In order to use the compass test, the stator 
must be excited with direct current. The use of direct current gives 
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each pole a set polarity, while with alternating current the poles tire 
continually changing. 

When the windings are excited, the compass is moved around 
inside the stator core and as eacli pole is approached, thi‘ polarity is 
indicated by the compass. If the north-seeking end of the compass 
iK'cdle is attracted, it will denote a south pole, and vi(*e versa. If the 
motor has six poles, there will be three north and three south poles 
in rotation of north, south, north, south, north, south, or vice versa. 

In testing tw()-j)Iiase motors, each ])hase is tested separately 
and the polarity of each pole marked. When all the poles of each 
phase have been marked, it will be found that there are two north 



Fig 7. Two-Phase Winding with Ono Whole Oioup in Phase H 
Short Circuited 


poles together and two south poles together, around the comi)lete 
winding. If, however, one group is short circuited, there will be no 
deflection of the compass at that point. I^'ig. 7 illustrates a two- 
phase six-pole motor with one group in one j)liase short circuited. 

In testing a star-c*onneeted three-phase motor, the direct current 
is impressed on each of the phase leads, and each phase tested separ- 
ately as in a two-phase winding. A short-circuited group will be 
indicated by no deflection. Fig. 8 show s a four-pole star-connected 
winding with one group short circuited. If there are no short- 
circuited groups and each pole is marked by an arrow to indicate its 
polarity, the test will show as in Fig. 9. In testing a delta-connected 
three-phase motor, one of the delta eonneetioiis is opened as in Fig. 1 0. 
The three phases are now connected in series and the poles of all the 
phases are tested in rotation. For instance, if the motor has four 
poles, by the time the compass is moved around the complete wind- 
ing twelve poles will be indicated; if less than twelve poles are indi- 
cated, each one less than tw^elve w ill indicate a short-circuited group. 
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Where direct current is not available, a short-circuited group 
can be found by means of what is known as the balanced-cum nt 
test. This is done by means of an ammeter and low- voltage alter- 
nating current. In testing out a two-pliase motor, the same pro- 
cedure is followed as with the compass test, as also is a star-connected 
three-phase motor; while with a delta-connecled thrce-j)hase motor, 
each delta is opened, as in Fig. 11, and each phase is tested separ- 
ately. If no groups are short circuited, the ammeter should give the 
same reading on each phase, providing the resistance of the windings 



Fig. 11. Balanced Current Test <»f a I)e!tu-C()nii«‘(*t('tl Winding 


in each phase is the same. If, however, one group is short circuited, 
the phase with the short-circuited group will give a higher reading, 
sin(*e the resistance is less. 

Open circuit. An open circuit in either a two-phase or three- 
phase motor with series-connected windings is indicated by the 
motor standing still and humming; in other words, it acts as if try- 
ing to run single phase. It is a simjile matter to locate the trouble 
in a two-phase motor or a star-connected three-phase motor, as 
a magneto connected to the various phase leads will indicate which 
phase is open. In connection with a star-connected motor, the 
magneto should be successively connected to the motor or phase 
leads and the star in order to locate the open phase. 

With a delta-connected three-phase motor, however, the current 
still has a path, even when one phase is open, as is evident from Fig. 
12. It is therefore necessary to open each delta until the phase with 
the open circuit is located. 
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When the open-circuited phase is located, the following method 
is used to locate the exact point of the open circuit in either two- 
phase or three-phase star-connected or delta-connected motors. 
Starting at any group, which can easily be determined by the taped 
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Fig 12 Diflference Between Magneto Tests of Star- and Delta-Connected W indings 

ends, each group should be marked with chalk, all those of each phase 
being of the same color and each phase a different color. For instance, 
in a six-pole three-phase motor there are eighteen groups which may 
be marked with red, white, and blue chalk around the complete 
winding, six groups of each color equidistant from each other. After 
the groups are segregated, a test set such as shown in Fig. 13 is used 





mm 


LAMPCm 


BRIGHT 


Fig. 13. Diagram for Testing for an Open Circuit in a Delta-Connected Winding 
by Means of a Lamp Circuit 


to locate the open coil or group. One lead or terminal of the set is 
connected to a motor terminal while the other terminal, which is an 
ordinary awl, is forced through the insulating tape at the end con- 
nections. The test circuit need only be 110 volts, which requires 
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only one lamp. Starting at the group nearest the phase terminal, 
each group connection is touched with the awl until one is reached 
where the lamp does not light. The coil end just touched and the 
one preceding it in the test are the ends of the open-circuited coil. 

Where the windings are paralleled, the symptom is entirely 
different from that of series windings. The symptom in this case is 
increased heating in one phase and sometimes in two of the phases. 
The reason for this is that since the parallel is broken, the remaining 
winding does not have enough carrying capacity for the load. With 
paralleled windings it is necessary to open each parallel group and 
test each separately. This method is shown in Fig. 14. 



Fig. 14. Method of Testing for an Open Circuit in a Parallel Delta- 
Connected Winding by Means of a Lamp Circuit 


For star-connected motors, the voltmeter method can be used 
and with either direct or alternating current. A low voltage is im- 
pressed on the terminal of the defective phase and the terminal of 
one of the good phases. A voltmeter is connected to one leg of this 
circuit and the other terminal is moved along the defective phase 
(starting at the end of the phase opposite the star) until the seat of 
the trouble is located. The voltmeter will give a full reading if 
connection is made at the various end connections until the break is 
encountered, when there will be no deflection of the needle. This is 
illustrated in Fig. 15. The trouble is in phase A and the break 
occurs at 0. 
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Parallel windings may also be tested by the balanced current 
method to locate an open-circuited coil. The procedure differs be- 
tween star- and delta-connected motors, however. For star-connected 



Fig. 15. Diagram Showing Method of Testing for an Open Circuit in a 
Star-Conneeted Winding with u voltmeter 



motors, the star is opened and the current readings taken in each 
phase. The phase giving the lowest reading will indicate the one 
with the open circuit. This is illustrated in Fig. 16. 

For parallel delta-connected motors, open one delta as in Fig. 12, 
and test between AB, AO, and BC. In this case, the open circuit is 
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in one of the parallels of phase A , and the reading between A and B 
should be lower than between A and C or B and (\ as in Fig. 17. 




Fig. 18. Corrr«t and Wrong Methods of Connecting Group Coils 


Reversed coil. In connecting a group of coils, the bottom of one 
coil is connected to the top of the one next to it, and so on, as shown 
in Fig, 18, which illustrates both the correct and wrong method of 
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connecting. If coil A is connected properly to the balance of the 
coils and groups of its phase, coil B will be reversed as regards po- 
larity. In locating a fault of this kind, the compass method is used 
as the balanced-current test would not indicate any irregularity, 
since the resistance of the phase windings is in no way affected. The 
test is carried out in the same manner as for short circuits, but the 
result of the test is different. Instead of getting no deflection of 
the compass needle, the needle will indicate a reversed polarity when 
placed over the reversed coil, as shown in Fig. 19. When the re- 
versed coil is located, interchanging the connections of this coil, 
only, will correct the fault. 



Fig. 19. Showing How a Reversed Coil Affects the Polarity of 
a Group 


The symptom of a reversed coil is that it will heat up greater 
than the other coils and the motor will issue a peculiar growling 
noise, since the reversed coil is trying to buck the remainder of the 
coils in its group — ^that is, if the other coils in the group have a 
north polarity, the reversed coil has a south polarity. 

Reversed pole-phase group. When a motor is connected ad- 
jacent pole, it sometimes happens that in leaving one group for the 
next, the next group is not crossed, and consequently the polarity of 
the two groups is the same. Fig. 20 illustrates the correct and wrong 
methods of connecting adjacent pole. A fault of this kind is located 
by the use of direct current, in the same manner as in locating short 
circuits, and a compass test will show three north or three south 
poles adjacent to one another in either a two or three-phase motor, 
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as illustrated in Fig. 20. Each group should be checked separately. 
The symptom of a reversed pole-phase group is similar to a reversed 
coil, the noise being greater while the heating is slightly less. 

Reversed phase. Where one whole phase is reversed, the fault 
shows up by the unusual behavior of the motor. The speed is af- 
fected, that is, reduced to almost nothing if the motor starts at all, 
which it sometimes does not. The motor emits a harsh groaning 
sound and the temperature of the windings increases rapidly. The 
effect is practically the same as if voltage is applied to the stator 



Fig. 20. Diagram of Wrong and Correct Connections Showing the Effect When 
a Pole-Phase Group Is Reversed 


with the rotor removed. The motor cannot develop a counter 
electromotive force and consequently the current is only limited by 
the resistance of the windings. 

Three-phase motors, only, are affected in this manner, since if 
one phase of a two-phase motor is reversed, the direction of rotation 
is also reversed and the motor acts in a normal manner. If one 
phase of a three-phase motor is reversed, either star or delta, the 
reversed phase bucks the remaining two. Normally connected, the 
phases are 120 degrees apart, while with one phase reversed, the re- 
versed phase is opposed 60 degrees only from the other two. The 
reason for this is that the counter electromotive force in the reversed 
phase is 60 degrees from the other two phases. In order to correct 
the fault in a star-connected motor, the reversed phase is opened 
at the star, the end of the phase winding originally connected to the 
star is made one of the motor leads, while the original lead or terminal 
of this phase is connected to the star, as illustrated in Figs. 21 and 22. 
Fig. 21 also shows the vector relations where one phase is reversed. 
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Fig. 21 shows a reversed phase in a delta-connected motor, phase B 
being reversed. Changing or reversing the leads B and Y of phase 
B, that is, connecting Y to C and B to A", will correct the fault. 
(Note the direction of the arrows). 



A- CORRECT CONNECTION B- WRONG CONNECTION 

Fig 21 Diagram Showing Connection and Effect of a Reversed Phase in a 
Di It.i-Comieticd >\inditig To lest, Opi'ii the* Delta at .Y 


Wrong grouping. The number of slots per pole-phase group is 
found by dividing the total number of slots by the sum of the poles 
times the number of phases. In connecting a winding, the groups 
should first be counted and marked. Where a mistake is made, and 
more coils are connected in one phase than in another, the currents 


REVERSED 


REVERSED 




A-CORRECT CONNECTION 

Fig, 22 Diagram Showing Connection and Effect of a Reversed I*hase in a Star- 
Connected Winding To Test, C'onnect A and Y to Low Voltage D C 
without Opening the Star Connection 


will be unbalanced in all three phases of a three-phase motor, that 
is, the current in the phase which is correc^tly connected will be 
normal, the current in the phase having fewer coils will be higher 
than normal, while the current in the phase having more coils than 
normal will be lower than normal. Fig. 24 shows a winding with a 
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wrong grouping. In this diagram, the correct grouping is four coils, 
but group three of A phase has five coils, while group three of B 
phase has only three coils. 



mvooAGEncf 


Fjg 2*? Diagram of Connections for Reversed Phase Note the Effect on the 
Polarity To Correct the hault, Connect Z to Star and Lt‘ave C Open 


Wrong connection for a given voltage. The effect of wrong 
voltage impressed on a winding is usually easily detected. If the 
motor becomes hot and hums excessively when carrying no load, it 
readily indicates that the voltage is too high for the windings, pro- 
viding the speed of the motor is normal. In a case of this kind the 
current is too great for the w indings and the magnetizing effect too 



Fig 24 Diagram of Connections for Wrong Cronping Group 3 Phase A Has 
One Coil too Many Ciioup 3 Phase li Lucks One Coil 


great for the core. If the motor formerly operated at this voltage, 
the indications point to a w^rong connection. If the motor was 
formerly connected series star or series delta, the conclusion is that 
the new connection is either parallel star or parallel delta, as the case 
inay be, and the voltage consequently is double w^hat it should be 
for the connection. Pig. 25 shows a star connection illustrating this 
fault. 
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If, however, the original connection was series star and the new 
connection series delta, the voltage will be 1.73 times too great for the 
windings. If, on the other hand, the motor apparently runs correctly 
at no load but loses power and speed when full load is approached, 
the indication is that the voltage is not high enough; in other 
words, the torque, which varies as the square of the applied voltage, 
is not high enough at the motor speed to allow the motor to develop 
its rated horsepower. A motor formerly connected two-parallel 
star or two-parallel delta will act in this manner if connected series 



fmLUL WRONG JERIG5 ^TAR-CORRUT 


Fig. 25. Diagram Showing Correct and Wrong Connections Affecting the 
Voltage to the Windings 

star or series delta, that is, double the impressed voltage is required 
for the original output of the motor. Again, if the motor was orig- 
inally connected series delta or parallel delta and reconnected series 
star or parallel star, the effect will be the same as decreasing the 
voltage by 1 .73. Fig. 26 illustrates the correct and wrong connections 
for a case of this kind. 

Wrong speed and number of poles. The number of poles equals 
the alternations per minute divided by the revolutions per minute, 
and the number of pole-phase groups equals the number of poles 
times the number of phases. It is seldom that a motor is connected 


188 



POLYPHASE INDUCTION MOTORS 


21 


for a wrong number of poles if the frequency is known, but if such a 
mistake is made, the only way to locate the fault is to test with a 
speed indicator. If the speed is wrong and there are no reversed 
phases, the number of poles will likely be wrong, and the only remedy 
is to rearrange the pole-phase groups and reconnect the motor. 

Operating troubles 

The main troubles occurring in the operation of polyphase 
induction motors are given in tabulated form in Table II, together 
with the symptom, cause, and remedy. A brief discussion of some 
of the various items, together with illustrations that might help the 
operator in readily locating and remedying the fault, follows. 



Symptom I. Bearing troubles need hardly any comment above 
that given in Table II, but it might be well to state, however, that it is 
the highest form of economy to use the highest grade of oil for sleeve 
bearings and the highest grade of grease for roller and ball bearings. 
Oil is sometimes siphoned from the bearing well, due to the windage 
of the motor and as a usual thing motor manufacturers guard against 
this fault. If, however, a bearing is replaced, it should be fitted up 
as shown in Fig. 3. 

Symptom 3. The effect of a displaced air gap is that the flux 
is not the same in all parts of the motor. Since the reluctance of air 
Is greater than iron, the magnetizing effect will be weakest where the 
air gap is widest, and strongest where the air gap is narrow. Thus, 
the iron at this point acts as if overworked, with the result of an 
increased temperature, which spreads to the windings and soon ruins 
the motor. This symptom will sometimes lead the operator to be- 
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TABLE n* 

Troubles of Polyphase Induction Motors 


Symptom 


1. Bearing too 
hot to touch, 
or smoking 


Trouble 


(a) Bearing dry 

(b) Bearing dirty 

(c) Bearing tight 


(d) Oil rings not 
working 


Cause 


(a) Not sufficient 
oil; oil rings 
not working 

(b) Grit in oil 


(c) 


Not sufficient 
oil; oil rings 
not working; 
grit in oil, 
causing 
particles of 
metal to be 
sheared off and 
deposited at 
other parts 


(d) Rings out of 
slots 


(a) 


(b) 


(0 


(d) 


(e) Bearing bind- 
ing 


(e) Shaft out of 
true 


(e) 


(f) Bearing out of 
true 


(0 


Too much 
strain on 
pulley 


(f) 


!(g) 


2. Bearing hot, 
but no hotter 
than other 
parts of 
motor 


3. Smoke issues 
from wind- 
ings; part of 
winding are 
hot while re- 
mainder are 
cool; wedges 
over coils are 
charred 


Loose bearing 


(g) 


Heat trans- 
ferred from 
rotor or stator 
of motor 


Displaced air 
gap or rotor 
not centered in 
stator 


Vibration 


(g) 


Overload on 
motor 


Bearing worn 
on one side 


Remedy 


Refill with clean oil after first 
washing the bearing with kerosene. 


Refill with clean oil after first 
washing the bearing with kerosene. 

Scrape bearing and shaft or re- 
place bearing. 


Replace rings, making sure no 
metal adheres to sides of slot. If 
ring sticks or runs slowly, bevel it 
at either top or bottom with a fine 
file. 

Place shaft in a lathe and true and 
renew bearing. 

Bearing should be shimmed with 
pieces of tin, as a temporary 
measure, or replaced with new 
bearing. 

Tighten setscrews holding bearing 
in housing. 

Decrease load or increase size of 
motor. 


If noticed before coils are dam- 
aged, realigning the bearing and 
inserting new wedges will correct 
the fault; otherwise coils will need 
to be replaced. 


•Courtesy, Electrical World, Oct 29, 1921. 
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TABLE n — Continued 
Troubles of Pol3rphase Induction Motors 


Symptom 

Trouble 

Cause 

Remedy 

4. Every sec- 
ond coil in a 
two-phase 
motor and 
every third 
coil in a 
three-phase 
motor are 
hotter than 
adjacent 
coils 

(a) Not enough re- 
sistance in 
phase which is 
hottest, causing 
unbalanced cur- 
rents in phases 

(b) One phase 
grounded 

(a) One or more 
coils of one 
phase short- 
circuited with- 
in themselves 

(b) Dampness or 
damage by for- 
eign material 

(a) Replace short-circuited coil or 
“jump" the coil*"* as a temporary 
expedient. 

(b) Remove groimd by lifting coil and 
re-insulating. One ground not 
serious if motor is not overloaded, 
when delta-connected. If star- 
connected, there may be unequal 
currents between phases. If two 
phases are grounded, a short cir- 
cuit is the result. 

5. Motor runs 
hot, and on 
examination 
it is found 
the groups of 
two phases 
of a star- 
connected 
motor, and 
the groups of 
one phase of 
a delta-con- 
nected motor 
are hotter 
than other 
groups 

Motor running 
single phase 

One fuse blown 
or one overload 
relay out of 
order 

Replace fuse or adjust relay and 
take ammeter readings of each 
phase. 

6. Motor runs 
hot and ex- 
plosions, ac- 
companied 
sometimes 
by fire, occur 
in windings 

Temporary 
ground or 
short circuit 

Duo to damp- 
ness which 
causes circulat- 
ing currents 
between coils 
and between 
any coil and 
ground 

Bake motor until all dampness dis- 
appears and dip or brush with in- 
sulating varnish. If coils are punc- 
tured, replace with new coils. If 
motor is needed at once, the 
punctured coils can be cut out, if 
not too many, as a temporary 
expedient** 


•Care must be used iu “jumping” a coil, and the following points should be observed: Where a phase-bound* 
^ ooil 18 cut out or “jumped” care must be taken that no interconnection of phases or wrong groups takes place, 
^n one-layer windings, if the insulation is badly burnt, the coil will have to be completely taken oui, since, if only 
^conn^ted, circulating currents will be produced which will heat up the “jumped” ooil and damage adjacent coils. 

18 due to there being only one coil side per slot. If more coils than one per phase are burnt, care must be 
taken that there are enough Im to ^ffer enough resistance to keep the current low on account of excess heating. 
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TABLE n — Continued 
Troubles of Polyphase Induction Motors 


Symptom 

Trouble 

Cause 

Remedy 

7. Motor runs 
hot with all 
stator coils 
the same 
temperature 

Motor usually 
overloaded 

Motor over- 
loaded 

Test each phase with an ammeter, 
and if readings are high, reduce 
the load or increase the size of the 
motor. 

8. One or more 
phases hot 
in spots, 
while cool 
in others 

Part of wind- 
ings inoperative 

Short circuits 
between adja- 
cent stator 
coils 

Replace short-circuited coils, as 
they will usually be found badly 
charred. 

9. Motor re- 
fuses to start 
with starter 
handle in 
starting posi- 
tion, al- 
though the 
motor issues 
a humming 
sound.f 

(a) Motor tries to 
run single phase 

(b) Air gap dis- 
placed! 

(c) Open circuit in 
stator windings 

(a) One fuse blown 
or one overload 
relay out of 
order 

(b) Bearing out of 
true 

(c) Caused either 
from a short 
circuit, which 
might puncture 
a coil, or from 
rough handling 

(a) Beplaco fuse or adjust relay. 

(b) Shim the bearing or replace with a 
new one. 

(c) Insert new coil or “ j ump' ' the dam- 
aged one.** 

10. Motor 
starts and 
runs, but 
rotor heats 
up while the 
stator is cool 

Abnormal cur- 
rents in rotor 

Rotor bars 
loose or 

grounded j 

Tighten set screws holding rotor 
bars to short-circuiting rings and 
solder or weld them, and remove 
grounds. In the more up-to-date 
types of rotors having cast-on end 
rings, this trouble is seldom en- 
countered. 


**Care must be used in "jumping” a coil, and the following points should be observed: Where a phase-bound* 
ary coil is cut out or "jumped” care must be taken that no interconnection of phases or wrong groups takes place. 
In one-layer windings, if the insulation is badly burnt, the coil will have to be completely taken out, since, it only 
disconnected, circulating currents will be produced whidi will heat up the "jumped” coil and damage adjacent cc^s. 
This is due to there being only one coil side per slot. If more coils than one per phase are burnt, care must be 
taken that there are enough l^t to offer enou^ resistance to keep the current low on account of excess heating. 

tWhere the rotor is not centered in the stator, it is possible that a motor cannot develop sufficient torque, 
and oonsequentlv will not run, although all fuses are intact. The motor will hum and the rotor will prolntbl^^ turn 
an inch or so. The symptom is the same as that of a motor trying to run single phase. In a case of this kind insert 
a feeler between the rotor and stator, and the trouble will show up as an irrwular air gap. 

$The follow^ hints will be found useful in locating the trouble:^ If a motor does not start, (1) esanune 
the fuses; (2) exanune the relays; (3) look over the starter careful^; (4) inspect air gap with a feeler: (6) remove 
belt or ooupung, as the case may be, to find if motor is overloaded; (0) test out motor windings with a muneto 
or bank of lamps. One of these suggestions should locate the trouble, and by applying the proper tm»ay the 
difficulty is soon solved. 
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TABLE n — Continued 
Troubles of Poljrphase Induction Motors 


Symptom 

Trouble 

Cause 

Remedy 

11. Motor is- 
sues a pecu- 
liar sound 
when run- 
ning light, as 
if a heavy 
load were 
thrown on 
periodically 
with a slight 
slackening of 
speed at these 
intervals 

One coil in 
one phase re- 
versed 

Due to wrong 
connection 
when being re- 
paired or re- 
connected 

Connect coil to its proper group 
and in proper polarity. 

12. Motor is- 
sues a buzz- 
ing sound 
when fully 
loaded 

Loose connec- 
tion on rotor 
bars 

Overheated 
bars or rings 

Tighten set screws holding rotor 
bars to short-circuiting rings and 
solder or weld them, and remove 
grounds. In the more up-to-date 
types of rotors having cast-on end 
rings, this trouble is seldom en- 
countered. 

13. Motor loses 
power and 
speed when 
fully loaded 

Rotor out of 
magnetic cen- 
ter in respect 
to the stator 

End play all 
taken up at one 
end of shaft due 
to shifting of 
bearings; motor 
out of level; or 
if direct con- 
nected, coupling 
driven too far 
on shaft 

Level motor; put bearings back 
where they belong, or move coup- 
ling until the rotor will float in 
the stator. 

14. Wound ro- 
tor motor 
runs at half 
speed 

One of the 
phases open in 
the rotor wind- 
ings 

One lead to the 
collector rings 
broken off or 
damage to the 
rotor windings 

Test out for the open circuit and 
repair. , 
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lieve the motor is trying to run single phase, as, if the rotor is almost 
touching the stator, the motor, if a high speed one, may not start 
when connected to the line. 

Symptom 4. This symptom will show up in both troubles (a) 
and (b), the effect being practically the same. If the trouble is due 
to a short circuit in one or more coils of one phase, the winding in 
that phase is that much less, with the result that a greater current 
will flow in that phase. The remedy is either to replace the short- 
circuited coil or coils, which by the way is the only real and lasting 
remedy, or to jump the damaged coil or coils. When a coil is jumped, 
it is completely cut out of circuit with the rest of the coils in the group, 
Fig. 27. Care must be taken that the coil is absolutely open after 
being cut out, since if it is still short circuited or any part of it closed 



circuited, it will immediately heat up when voltage is applied to the 
windings. The reason for this is that a heavy current is induced in 
the short-circuited coil by the magnetizing current flowing in the 
remainder of the motor windings. Unless there are a great many 
coils per phase, too many coils must not be cut out of any phase, 
since this increases the voltage per coil in the remaining coils and 
will cause unbalanced currents in the various phases. Usually not 
more than one coil per phase should be cut at one time; if more coils 
are damaged, they should be taken out and replaced with new coils. 
To locate a short-circuited coil, use an exploring coil, Fig. 6. 

Where one phase of a polyphase motor is grounded, there is 
little or no efl*ect on the motor if the system is ungrounded and no 
other ground exists on equipment in close proximity to it. On a 
grounded neutral system there is little or no effect when one phase 
of a delta-connected motor is grounded and no other motor in close 


194 



POLYPHASE INDUCTION MOTORS 


27 


proximity to it is grounded, since in a delta-connected motor the 
voltage in any one phase at any instant is exactly equal to and 
opposite in effect to the other two phases combined. The current 
in any phase equals the sum of the currents in the otlier two at any 
instant, so that no matter in what part of the win<!ing the ground 
occurs, the unbalance of current will be slight if the motor is not 
overloaded. Fig. 28 illustrates the paths of the current in a case of 
this kind. At A in Fig. 28, the ground occurs midway in the wind- 
ings of phase AB, while at B the ground occurs at the delta BA, 
BC, At no time is the voltage in the ground i)ath greater than that 
in one of the supply phases, A\hich is the star-line voltage. 



Fig 2S, Eff«*cf of a Ground on tho Voltage When at the Mid Point of a Winding 
UH in A and at th(> Delta hh in li 


In a star-connected motor, the effect is somewhat difftTent. In 
A of Fig, 29, the ground occurs midway in the windings of phase B 
on a grounded neutral syst(‘rn. The voltage in any phase is the wind- 
ing voltage times 1.7IL In this diagram, the voltage across AB is 
Fl.73. The same applies across AC, while the voltage from B to 
ground is K.5 volts and from C to ground is A'1.29 volts. At B of 
Fig, 29, the motor is grounded at the star with no evil results and 
no unbalance. The same applies to C, where one of the star terminals 
is grounded. 

If two phases of the same motor are grounded, the result varies 
as the location of the grounds. If the grounds are the same as in 
Fig. 4, practically a dead short circuit is the result. If the two phases 
are grounded as at ui of Fig. 30, the result is an unbalance in the 
currents flowing in the different phases. The two affected phases 
will become exceedingly hot even with no load. If the two grounds 
occur as in B, the effect is not so great; and unless some other motor 
which has its frame grounded to the same water main is also grounded 
but in a different phase, the motor will operate quite satisfactorily. 
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Where two delta-connected motors which have their frames 
grounded to the same water main and a ground occurs in each motor, 
as shown in Fig. 31, a circulating current will flow through the 



G yc? 


Fig 31 Showing the Path of the Circulatinis Cum nt between 
Two Grounded Motors 


ground from one motor to the other, the value of the current being 
determined by the resistance of the ground. Ordinarily a fault of 
this nature will not interfere with the operation of either motor. 



rig. 32. Effect of a Ground on One Phase of a Delta-Connected Motor 
and a Ground on a Different Phase of a Star-Connected 
Motor in Close Proximity to Each Other 


Fig. 32 shows the effect of a ground on one phase of a delta- 
connected motor and a ground on a different phase of a star-connected 
motor. Both grounds occur at the terminals and the result is a dead 
short circuit. 

The National Board of Underwriters demand that all motor 
frames be grounded. If this is not done, a person touching the frame 
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of a motor on which there was a ground would receive a severe shock 
which might prove fatal with high and medium voltages. 

The effects of grounds which have been enumerated above are 
meant to show exception rather than the rule. While these effects 
can happen, the usual effect where two grounds occur in a motor on 
two separate phases is a short circuit as specified in Table II. The 
same applies where different phases of two or more motors are 
grounded. 

Symptom 5. This is probably the most common fault occurring 
in polyphase induction motors, as the trouble is not always apparent 
at a glance. A polyphase induction motor will run single phase 
indefinitely, once it is up to speed if not loaded beyond the point 
where it will burn out. The reason why two phases of a star- 
connected motor and only one phase of a delta-connected motor 
become hotter than the others is illustrated in Fig. 33. In the star 
winding, one phase is entirely disconnected, in other words, there is 



Fig 33 EfFfct ot Singlo-Phase Operation on Delta- and Star-Connected 
Winding*} 


no path for the current; while the other two phases are in series, and 
since these tw^o have to do the work of three, heating of these two 
will result. In the delta-connected winding, the windings are closed, 
and if the circuit is broken in line A, the current between B and C 
will have two paths in parallel, one with one winding, C only, and 
one with two windings, B and A in series. Consequently, since the 
current in the series path of B and A is less than C, C will heat up. 
In testing for single-phase operation with a bank of lamps, the lamps 
will burn full brilliancy on two phases only of a star-connected 
motor; w^hile in testing a delta-connected motor, the lamps will burn 
full on one phase only and dim on two phases. 
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Symptom 6. The trouble, cause, and remedy for this symptom 
is somewhat like Symptom 4 with the difference that, in this case, 
the seat of the trouble is more easily found, siiu^e fire is usually seen 
at that point. If the location is not readily found, passing: a current 
through the stator windings with the rotor remcn ed will readily 
show the location of the trouble. 

Symptom 7. When a motor becomes so hot that the frame (*an- 
not be touched with comfort, the danger point is about reached, 
although the mere fact that the human hand cannot bear the heat 
is not a true indication that the heating has rc'ached a danger point. 
It is quite safe to operate a motor at a temperature not exceeding 
90 degrees C. or 194 degrees F. 

Symptom 8 . A trouble of this kind is usually caused from 
moisture wliich forms a path between the various windings due to 
the breaking down of the coil insulation. The effect is the presence 
of hot spots in one or more of the phases, depending on the number 
of short circuits. While the motor may be placed back in service by 
cutting out the damaged coils, where there are not too many, it is 
a better practice to lift the coils and replace them with new ones. 

Symptom 9. Where a motor refuses to start when the starter 
handle is in the operating position, although the motor hums, the 
trouble may be due to one of three causes, providing the starter or 
(‘ompensator is in working condition. The first cause is due to a 
blowui fuse or inoperative relay and c*an be easily located by exam- 
ination of the fuses or relays. If these are intact, the trouble may 
be due to the bearing being out of true or to a displaced air gap. If 
the rotor is rubbing the stator, the effectiveness of the flux is im- 
peded and it is impossible for the motor to develop sufficient torque, 
especially if the motor is a high-speed one. Thus, the symptom 
leads one to believe the motor is operating single phase. An ex- 
amination of the air gap with a feeler will usually disclose the 
trouble; then by adjusting the bearings or replacing them with new' 
ones, the fault is corrected 

If this is not the reason for the trouble, the operator can be 
reasonably assured that there is a» open circuit in one of the phases, 
due to the causes shown in Table II. In case of an open circuit, the 
motor may be temporarily repaired by jumping the damaged coil, 
that is, by cutting the damaged coil out of service and connecting 
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the gap thus caused. Care should be used in an operation of this 
kind. If the coil is one of the center or group coils and not a phase 
boundary coil, connecting the two adjacent coils of the same group 
will put the motor in shape for operating. If, however, the defective 
coil is a phase boundary coil, care must be used that the phases are 
not interconnected. Fig. 27 illustrates the method of jumping a 
phase boundary coil for correct operation. 

Where the motor has a two-layer lap winding, the ends of the 
defective coil thus cut out may be taped and the coil forgotten if 
none of the layers are short circuited. If, however, any of the layers 
are short circuited, the coil must be removed. The best method of 
removing a defective coil, without damaging or interfering with 
any of the other coils, is to open each layer at each end and pull 
each strand or layer separately. The space thus left vacant should 
be filled with wood or some other substance to keep the remaining 
half coil from chafing against the slot walls due to the internal 
stresses of electromagnetic induction. 

With single-layer or unicoil motors, the complete defective coil 
must be removed, since circulating currents will flow in the defective 
coil whether open or closed. These currents will rapidly heat up 
the coil and ruin those adjacent to it. 

Symptoms 10 and 12. These symptoms will not show up unless 
the motor is carrying around full load. The action is the same as a 
loose joint in a conductor, that is, the carrying capacity is reduced 
with consequent heating. Troubles from grounds in modern squirrel- 
cage rotors are nil, since the bars are grounded. However, some of 
the older types have the bars insulated from the core and the rings 
grounded at equidistant points, and a ground in such a rotor will 
cause a certain amount of unbalance in the currents with consequent 
heating. If any of the rotor bars are loose, the motor will lose 
power, and in some cases will run at reduced speed and heat up the 
stator windings. A ground in the rotor windings of a wound rotor 
induction motor which are usually star connected, acts m the same 
manner as described in Symptom 4. 

Symptom 13. As stated in Table II, this fault is caused by the 
rotor magnetic center being out of line with the stator magnetic 
center. The teeth of the rotor and stator are the exact length and 
the flux produced by one winding acting on the other holds the center 
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of the rotor at the exact center of the stator. It is therefore necessary 
to have a certain amount of end play to allow the rotor to align 
itself with the stator core. If, in driving a pulley or coupling on the 
end of the shaft of a motor, the end play is all taken up, the rotor is 
pulled from the magnetic center of the stator, with the result that 
the speed of the motor is affected; since the flux, in trying to pull 
the rotor to its proper place, loses some of its effectiveness for pro- 
ducing power, with the further result that the slip of the motor is 
increased. Fig. 34 illustrates a case of this kind. 

PROPER DIRECTION 
OF FLUX 



Symptom 14. Where a wound-rotor motor runs at half speed, 
one of the rotor phases is open circuited. It often happens that the 
motor will not start in a case of this kind, especially if the motor is 
heavily loaded. The reason for the half speed is that the effect is 
the same as if the number of poles is doubled. The windings need 
not be open to produce this fault, since wearing of the brushes so 
that they do not touch the collector rings will produce the same effect. 
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MULTIPLE INSTALLATION OF 500-HORSEPOWER, LOW-SPEED SYNCHRONOUS MOTORS IN A FLOUR MILL, EACH DRIVING 
A SEPARATE LINE SHAFT THROUGH A MAGNETIC CLUTCH 

Courtesy of Faxrhanks \Iorse Company Chicago 


SYNCHRONOUS MOTORS 

Installation 

Owing to the greater amount of auxiliary equipment required in 
the installation of a synchronous motor and the delicate nature of 
most of this equipment, both it and the motor should be installed 
where it will be free from damage and also convenient for inspection. 

When installing large size and medium size synchronous motors, 
the handling of the different parts is of vital importance. It is 
necessary in assembling to lift the parts by means of hoists or cranes. 
Where at all possible rope slings should be used, although cable slings 
have greater strength for a given size. Be absolutely sure that the 
slings are of ample strength to handle the load. If the slings are of 
steel cable, the enamel on the frame may be protected from injury 
by wrapping the cable with waste where it touches the frame. 

Motor sizes up to 250 kilovolt-amperes are usually shipped in 
one piece, while those having higher ratings are shipped knocked 
down. In assembling one of the latter, the bed plate is first secured 
and grouted in, after first being leveled. Next, the bearing pedestals 
are placed on the bed plate and the one next to the coupling or pulley 
end firmly bolted down, the other pedestal merely resting on the bed 
plate. The bearing caps are now removed and the bearings washed 
out. 

The rotor is next set in the bearings and the shaft lined up to 
ascertain if it is level. When everything is ready for the assembly of 
the stator, the rotor is suspended with a hoist and the loose pedestal 
removed. The stator is then suspended over the end of the shaft 
and moved as far as the sling supporting the rotor will allow. The 
rotor is then blocked with wooden blocking placed inside the stator 
and the sling moved to the end of the rotor shaft so as to allow the 
stator to be moved to its position. The blocking is then removed 
and the stator placed in position. 

The bed plate is usually provided with slots to allow the stator 
to be pinched in place with crow bars, so that the rotor and stator 
findings are not damaged. After the stator is in place, the pedestal 
's put back in place and the bearing caps replaced. 
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The air gap is then checked to see if the same space exists be- 
tween the rotor and stator around the whole periphery. Shims of 
various thicknesses of sheet iron are sent with the machine for the 



Fij? 1. Layout of Connoptions between tlu* Oil Circuit 
Breakers and a Synchronous Motor, Showing the Method 
of Connecting the Lead Covered Cables to the 
Bus through Potheads 


purpose of adjusting the air gap. The bearings are again washed 
with kerosene and filled with the proper grade of oil up to the height 
of the oil gauges. The motor is then ready to operate, after being 
connected to the line. 
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The motor should be run light for some time in order to allow 
the bearings to be run in, check the bearing temperatures, and the 
no-load operating conditions. After being reasonably assured that 
everything is O.K., the load may be connected. 

The drive should be given as much attention as the assembly of 
the motor. If the load is gear driven, the gears must mesh properly; 
if belt driven, the center line of each pulley must coincide. If direct 
connected to the load, both coupling fiices must be true and at right 
angles with the center line of their respective shafts before being 
aligned. The outside of both halves of the coupling should be con- 
centric with the center of the shaft. In connecting the two halves 
of the coupling, care must be used that the end play is not all taken 
up. There should be just enough end play to allow the rotor to float 
back and forth in order to establish its magnetic center with respect 
to the stator. 

The exciters of synchronous motors are either belt, gear, or 
direct drive, where each motor has its separate exciter; while where 
there are several motors in a line, it is usual to excite the fields of all 
motors from a motor-generator set. 

The installation of feeders for synchronous motors up to ap- 
proximately 250 kilovolt-amperes may be accomplished in the same 
manner as for induction motors, and up to 550 volts may utilize 
rubber-covered cables run in conduit. On sizes exceeding the above 
rating practically one-third of the motor is below the surface of the 
floor; and on all installations above 440 volts, lead-covered cables 
should be used. These cables should terminate in potheads, as shown 
in Fig. 1 . 

Methods of control 

The wiring connections of a synchronous motor depend almost 
entirely on the method of control, of which there are several. Among 
the most important are 

(1) Control by reduced voltage, manual start and stop. 

(2) Control by reduced voltage, automatic start and stop. 

(3) Control by full voltage, across the line, automatic start and stop. 

(4) Control by auxiliary prime mover. 

Reduced voltage manual control. Fig. 2 illustrates the wiring 
connections of a 550-voIt motor for reduced voltage starting and 
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manual control. With this type of control, two oil circuit breakers 
enclosed in one tank are required. The exciter is direct connected 
to the motor; there is no exciter switch; and the excitation of the 



motor field takes place as the motor comes up to speed. The compen- 
sator is provided with several taps in order to increase or decrease 
the starting torque of the motor, as the ease might be. The panel 
instruments consist of an alternating-current ammeter and a direct- 
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current ammeter. The diagram also shows the location of the 
motor field rheostat, the exciter shunt field, exciter field rheostat, 
current transformer, exciter armature, and ammeter. 

When starting up a synchronous motor connected as shown in 
Fig. 2, the following rules should be observed: 

(1) See that both starting and running switches are open. 

(2) Adjust the motor field and the exciter field rheostats with all the 
resistance in series with their respective fields. 

(3) Close the motor starting switch, which at reduced voltage should 
bring the motor up to approximately 75 per cent of synchronous speed in from 
20 to 30 seconds. 

(4) Adjust the motor field and exciter field rheostats until the current 
taken by the motor is minimum. 

(5) Open the starting switch and close the running switch at the same 
time. These switches are interlocked so that it is impossible to close both at 
the same time if properly adjusted. 

(6) Adjust the two rheostats until the proper value of current in the motor 
is reached and the proper amount of excitation applied. 

In shutting down or stopping the motor, the following rules 
must be observed : 

(1) Open the motor nmning switch. 

(2) Adjust both motor and exciter field rheostats to zero or with the 
resistance all in series. 

The conditions to guard against during starting and running a 
synchronous motor are: overloads; overheating of the amortisseur 
or squirrel-cage winding; loss of excitation; and single-phase opera- 
tion. 

Fig. 3 shows the wiring diagram of another method of reduced 
voltage starting and manual control. With this method, three circuit 
breakers are required. As shown in the diagram, the two starting 
breakers are connected each side of the compensator and are closed 
together. Excitation is applied after the motor has attained ap- 
proximately synchronous speed. The symbols in this diagram have 
the following meanings: CT — current transformer; PT — ^potential 
transformer; A — ammeter; WM — wattmeter; PFM — power factor 
meter; NVR — ^no-volt-relay; Dis, Res. — afield discharge resistance; 
F.D.S. — afield discharge switch; AS — ammeter switch; PC — ^trip 
coils; 0. relay — overload relay; FR — exciter field rheostat; Gen. FR 
— ^generator field rheostat. 
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Fifi;. 3. Diagram of Cuniiertious Showing Another Method of C/onnecting a 
Synfhronous Motor for Reduced Voltage Starting and Manual Control 


(1) See that all switches, on both motor and exciter, are open. 

(2) Make sure the discharge switch is in the i)roper position so that the 
induced current in the motor field is short circuited through the discharge 
resistance. 

(3) Adjust the motor field rheostat With all the resistance in series with 
the field. 

(4) Close the motor starting switch, which with reduced voltage should 
allow the motor to reach approximately 75 per cent of synchronous speed in 
from 20 to 30 seconds. 
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(5) Close the field switch, connecting the exciter circuit to the motor field, 
first making sure that the exciter circuit is alive, which is usually indicated by 
a pilot light or a voltmeter. If the motor fields are properly excited, it will 
be indicated by a peculiar sound made by the motor which increases and de- 
creases in volume. This sound is due to the hunting effect of the motor. 

(6) Adjust both motor field and exciter field rheostats until the hunting 
practically ceases and the current drawn by the nn)tor windings is minimum, 

(7) Open the starting switch and close' the running switch. These switches 
are interlocked against closing both at the same tune. 

(8) Adjust the resistance of both the exciter and motor field rheostats 
until the desired load and power factor are obtained. 

In sluitting down or stopping the motor, the following rules 
must be observed : 

(1) Open the motor running switch 

(2) Adjust the excitation of the motor held by cutting m the resistance 
of the motor field rheostat. 

(3) Adjust the exciter voltage through the exciter field rhec' tat to a 
minimum. 

(4) Open the fic'ld switch so that the current in the motor field is dis- 
charged through the discharge resistance. 


Reduced voltage automatic control. The wiring diagram of a 
synchronous motor panel for reduced-voltage starting push-button 
control is shown in Fig. 4. This control differs from that shown in 
Fig. 9 by the addition of two starting circuit breakers connecting the 
autotransformers to the motor and to the line and two induction time 
or hesitating relays for changing from starting to running. These 
relays are called control relays in the diagram. 

With this control, as soon as the starting button is depressed, 
the solenoids on the two starting breakers arc energized. At the same 
time the induction time relay controlling the starting breakers is 
also energized. As the motor accelerates and approaches synchronism 
this relay closes the field switch after the motor current has reached 
a predetermined value, thus af)plying excitation to the motor. This 
causes the motor to speed up and pull in step, after wdiich the running 
breaker control relay, which is energized by the closing of the PQ 2D 
relay which in turn is energized from the battery bus, closes. On its 
closing, the closing coil of the running breaker also closes and closes 
the breaker at the same time putting the motor on the line. 

On overload, the overload relays function the same as for across- 
the-line starting. For stopping, the running breaker is tripped by the 
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energizing of the opening or trip coil which is connected to the stop 
button and fed from the battery circuit. 

Full voltage automatic control. Across-the-Iine starting, which 
came in practice in 1925, has practically superseded all other methods 


DISCONNECTING SWITCH 


CLOS CL. CLOSING COIL 

C GROUND 

OCB OIL CIRCUIT BKCAKCR 

RES RESISTOR 

START STARTING 

TRANS. TRANSFORMER 



RESISTORS 


Fig 4. Wiring Diagram of a Synchronous Motor Panel for Reduced Voltage 
Starting, Push Button Control 


of starting synchronous motors having low speeds. Starting by this 
method requires considerable more control equipment and it is almost 
essential that the control be automatic. Fig. 5 shows the wiring 
diagram for full automatic, across-the-line starting for motors up 
to 300 kilovolt-amperes and voltages up to 600 volts. This method 
of starting was brought about by the development of a new type of 
synchronous motor drawing a low starting current, having a high 

m 



SYNCHRONOUS MOTORS 


9 


efficiency, and requiring low excitation with a uniform accelerating 
torque. These developments made it unnecessary to have a skilled 
operator on the job all of the time. As stated abo\’e, only the low- 
speed types can be started in this manner; the high-speed and medium 



speed motors requiring reduced voltage although automatic. It is 
only a question of time, however, before medium-speed and high- 
speed synchronous motors can be started across-the-line. 

In order to explain the functions of starting a synchronous motor 
automatically, either with reduced voltage or across-the-line, some 
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of the main characteristics of the motor should be thoroughly under- 
stood. A synchronous motor is not unlike a squirrel-cage induction 
motor in one respect. For instance, during the starting period, the 
amortisseur winding of the synchronous motor serves the same pur- 
pose as the squirrel-cage winding of the induction motor, both 
producing a starting torque in practically the same manner. From 
this point on they are dissimilar, the synchronous motor requiring one 
more function — the application of direct-current excitation to its 
field — ^to complete the starting operation. 

Where voltage is applied to the stator windings of a synchronous 
motor which has its field windings short circuited through a discharge 
resistance, an alternating voltage is induced in the field winding, this 
voltage having a frequency corresponding to the speed of the motor. 
At rest, the rotor or field frequency is the same as the frequency of the 
voltage impressed on the stator windings. This frequency decreases 
as the motor speeds up until, at synchronous speed, the frequency of 
the rotor is zero. At the same time the frequency is decreasing due 
to increase in acceleration, the induced voltage is also decreasing, the 
combination of decreasing voltage and frequency producing practi- 
cally a constant induced field current up to approximately 75 per 
cent of synchronous speed. From this point on, the induced field 
current rapidly decreases and is also zero at synchronism. It is 
therefore at a point between 75 per cent and 100 per cent of syn- 
chronous speed that field excitation may be applied. 

Advantage of the decreasing frequency and decreasing induced 
field can be taken by utilizing relays that function through the effect 
of both. There are several types of frequency and induced field 
relays. 

One tyi)e of frequency relay consists of an armature actuated 
by a relay coil of high resistance and low inductance connected in 
parallel with a reactance coil of low resistance and high inductance. 
When voltage is impressed on the motor windings, the current in- 
duced in the motor field causes the frequency relay to pick up due to 
the high impedance of the reactance coil and thus diverting the ma- 
jority of the induced current through the windings of the frequency 
relay coil. As the motor accelerates, the frequency of the induced 
field voltage decreases, allowing the induced current to flow through 
the reactance coil, causing the frequency relay to drop out and allow- 
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ing the field current to be applied to the motor field. In connection 
with this frequency relay, there is also a time element which functions 
independent of the motor speed, thus making it possible to set the 
time of applying the field current at a value sufficient to allow the 
motor to reach its highest speed. 



Fig 6 Two Across-the-Line Starting Panels for Medium 
Rating Medium Voltage b>Dchronous Motors 


One type of induced field relay has two pairs of contacts — one 
to make contact and the other to break contact. It also has two 
electromagnets — one operating on direct current and connected to 
the source of excitation and the other operating on alternating current 
but connected to the motor field circuit during the starting period. 
As the motor increases in speed, the curient in the relay coil, which 
IS alternating, decreases in value until the foi*^^ acting on the same 
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coil by the direct current overcomes the force due to the alternating 
current and causes the relay to operate and apply direct-c'urrent 
excitation to the motor field. 

Another type of field relay acts on a diminishing induced field 
current. It consists a contactor armature on wliich is mounted a 
magnetic time interlock. When the contactor coil is energized, the 
interlock has a tendency to close, but is prevented from closing by a 
retarding coil connected in series with the motor field winding and 
which is energized by the induced current in the motor field winding. 
As the motor increases in speed, the induced current decreases; and 



Fir 7 One Line Diasram of Atross-thc-Luie Starter for 
a S> n( hronouB Motor 

as the speed of the motor approaches synchronism, the relay opens, 
allowing the interlock to close appl\ ing excitation to the motor field 
after a brief delay. Phis delay allows the relay to be set to trip at the 
highest speed which the motor can attain under the worst conditions, 
and at the same time allows a certain interval of time before applying 
excitation under normal operating conditions. This type of field relay 
is used in the diagram of Fig. 5. The panel and equipment for this 
diagram are shown in Fig. 6. The equipment mounted on this panel 
consists of a line contactor, a field contactor, a field protective relay, 
a temperature overload relay, a rheostat operating mechanism, a line 
ammeter, a field ammeter and a pilot light for indicating line voltage. 
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simplified one-line wiring diagram of this automatic across-the-line 
starter is shown in Fig. 7, and the symbols on the diagram are used in the following 
description of the method of starting and stopping. 

‘When the start button is closed, the line contactor coil LE is energized, 
closing the line contactor and connecting LI, L2, and LS to the motor terminals. 
The interlock LE closes at the same time as the contactor and forms a holding 
circuit for the line contactor so that the push button may be released. 

“While the motor is increasing in speed, the field circuit is closed through 
the normally closed pole F3 of the field contactor, through the discharge re- 
sistor and the retarding coil FR of the field relay. This holds the interlock FR 
open until the motor approaches synchronism. 

“At the time the line contactor LE closes, the contactor coil FR is en- 
ergized and tends to close the interlock FR. As the motor accelerates, the 
induced alternating-field current through the retarding coil FR decreases and 
releases the interlock FR when the motor approaches synchronism. 

“After a few seconds delay, the interlock FR closes, energizing the con- 
tactor coil F, causing Ft and F2 to close and FS and F4 to open. The closing 
of Ft and F2 applies excitation to the motor field, which completes the starting 
operation. The opening of FS opens the discharge circuit of the motor field. 
The opening of Fit. allows FP to open and shut down the equipment in case of 
voltage failure in the exciter circuit. FP must have closed its contacts before 
the field contactor opens necessitating that excitation voltage be available 
before attempting to apply field to the motor. 

“Merely pressing the stop button shuts down the motor by opening all 
contacts that are closed and closing tho.se contacts which are normally open 
when the motor is running.”* 

Fig. 8 is a wiring diagram for one of the panels shown in Fig. 9, 
which illustrates tlie panels for the control of two full automatic 
across-the-line starters for synchronous motors of high rating and 
voltages up to 2200 volts. The operation of starting and stopping 
merely consists of pressing a start button for starting and a stop 
button for stopping. When ready to start a synclironous motor with 
this control, the following rules should be observed: 

(1) See that power is on the panel, which will be indicated by the green 
pilot lamp Jfi burning bright. 

(2) See that direct-current excitation and 126-volt storage-battery con- 
trol power are on the panel, which will be indicated by contactor 32 picking 
up, which in turn closes a contact and energizes the low-voltage relay SO, If 
either source of direct-current supply is off, the panel contactor 32 will not close. 

(3) The red and white pilot lamps must both be dark before attempting 
to start. 

The operation of the panel relays and contactors is in the fol- 
lowing sequence: 

*Thit daU is irom a O, £. Instruotion Book. 
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SYNCHRONOUS MOTORS 


TO EXCITER 



Fig 8 Wiring Diagram of Connec tions for Pull Aiitomatie Across the Line Starter for Synchro- 
nous Motor Having a High Rating (See table on page 1 '5 for (lescription of part nunibere ) 
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BILL OF MATERIAL 


Part No. 

Quantity 


16 

1 

1 f 5 — 5-ampore ammeter — 2000 ampere scale 

17 

1 

(y R 2 — 5 ampere curve drawinp; ammeter 

IS 

1 

D 11 5 — l(X)-anipere field ammeter 

19 

1 

11 5 — 750- volt voltmeter 

20 

1 

3- wav ammeter jack 

21 

1 

S-j)oint jK)tential r(*eeptaele 

22 

2 

4-point potential pluRS 

2:1 

1 

I) S 6 550-volt 5-ampere watthour meter 

24 

2 

2000-ampere K50 current transformers 

25 

1 2 

T.P.S.T. 7r><K)-volt 10(X>-umi)ori' K12 O.C.B. 

26 

3 

S.P, 2(KlO-ampere disconnecting swit(‘hes 

27 

1 

Field discharge resistance 

2S 

1 

Hand wheel and c*hain ojieroting m(*chanisTn 

29 

2 

S P. instantaneous P.Q. overload relavs (starting) 

30 

1 

550-volt P.f^. 25 low voltage relav 

31 

1 

(’ R. 2S10 — 1269 — A loO-amix^re 250-volt contactor 

32 

1 

(" R. 2S10 — 1353 —F 7,>-amiK»re 250-volt contactor 

33 

1 

(M{.2<S(KJ — 1132 — J1 D.(^ shunt lio-volt contactor 

34 

1 

(’ R. 2S(K) — 1112 — A2 D C'. shunt 125-volt contactor 

35 

1 

C H. 315S resistors 600 ohms for part No. 31 

36 

1 

(' K. 915S resistors 1000 ohms for pari No. 32 

37 

1 

Coil for part 31 

3S 

39 

1 

Coil for part 32 

40 

2 

S P. Instantaneous P. Q relays (running) 

41 

1 

P.(i. 3^1-relav current limiting (closes exciter circuit) 

42 

43 

1 

15-ami)ere \V2 current transformer 

44 

1 

Indicating lamp receptacle with ruby lenses 

45 

1 

Indicating lamp rc‘ceptacle with green lenses 

46 

1 

Indicating lamp receptacle with clear lenses 

47 

1 

C.R. 915S resistor for part No. 46. 

4S 

i 3 

17()-volt 15-watt lamps for parts 44, 45, and 46 

49 

1 

C.K. 2910 — BS211 — C-J push button for starting 
dut v only 

50 

1 1 

C.R, 2940 — BS211 — A push button for stopping duty 
only 

51 

1 

3-ampere D.R. 2-ammeter with double stop 

52 

1 

S P.U.T. 250-volt 100-am}K're ammeter transfer switch 

53 

1 

100- to 15t)-volt D H. 2-Y voltmeter 

54 

i 1 

()-p{)iht j>otential reeeptaele 

55 

1 

Back of panel lieltl riieo.stat meeiianism 

56 

1 ^ 

(Jroiiml detector lamp ri'ccptaclea 

57 

i 1 

1) P.S T. 250- volt 60-ampere lever switch 


219 


16 


SYNCHRONOUS MOTORS 


(1) ^'Depressing the start button 1^9 energizes the coil of the solenoid 
control contactor S3, which throws the two solenoid closing coils of the oil cir- 
cuit breakers 25 in series on the 250-volt exciter bus through the two main con- 



tacts on contactor SS. (Note: 250-vclt excitation is usually used unless other- 
wise specified.) 

(2) "The auxiliary contact on 33 opens when 33 itself closes. This aux- 
iliary switch circuit opens the field contactor 31 coil circuit so that the latter 
cannot close until 33 opens, nor can 31 close (because of auxiliary switches on 
the circuit breakers 25) imtil both breakers are closed. 

(3) "As the closing coils of the solenoids have been energised under step 
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No. 1 of the sequence, the circuit breakers will close applying A.C. power to 
the motor. At this point the green pilot lamp is dark, while the red pilot lamp 
is bright. 

(4) '^As soon as the power is applied to the motor, the A.C. current in- 
duced in the motor field flows through the current transformer 4^, the 'B' aux- 
iliary switch on contactor SI and through the discharge resistance 27, The 
induced current in 4^ immediately picks up relay 4^ (which is instantaneous cir- 
cuit opening and delayed circuit closing) which opens up coil circuit 31. 

(5) '^Relay 41 is held open until the motor comes up to approximately 
synchronous speed, then 4 1 closes, completing the circuit through coil 5/, through 
an auxiliary switch on either breaker, and through a auxiliary switch on 33. 
31 is now closed, applying direct-current excitation to the motor field which is 
now running in s.ynchronism, indicated by the white lamp on the panel. At 
this point load may be applied to the motor. When the motor is operating 
properly, the red and white pilot lamps are burning while the green pilot lamp 
is dark. 

(6) “To stop, depress the stop button 50, which energizes the coil circuit 
of 54, which in turn picks up and completes the circuit from the 125-volt battery 
through the main contacts on S4^ the two ‘A’ auxiliary switches on the circuit 
breakers 25^ and the o|H»ning coils of the solenoids. 

(7) “On ordinary overloads, the two right-hand relays 2Q operate instanta- 
neously through the coil of the low’-voltage relav 50, which has a time-limit 
feature. On a short circuit, the overload rela\«^ 40 ofK'rate instantaneously by 
short circuiting the contact of the low’-voltage relay 50, which in turn energizes 
the coil of the tripping contactor 54, and the contactor operating closes the trip- 
ping circuit and opens the circuit breakers 

Auxiliary prime mover control. A synchronous motor can be 
started by means of a small induction motor which brings it up to 
near synchronous speed; after which it can be thrown direct across 
the line. This method of starting applies to alternators which are to 
be c'onverted for use as motors. In starting by this method, the speed 
of the synchronous motor should not exceed the synchronous speed; 
in fact it is better to be slightly lower, since it is much easier to bring 
a motor into step when approaching synchronism than when above. 
A motor started in this manner can carry no mechanical load while 
starting. Excitation may be applied either before or after the motor 
is on the line. The power required is approximately one horsepower 
for every 10 kilovolt-amperes of motor rating. 

Another method of starting by an auxiliary prime mover, where 
a source of direct current is available, is illustrated in Fig. 10. This 
method consists of utilizing the exciter as a prime mover. The 
operation is as follows: The double-throw switch, marked 2 in 

K^ourtMjr of CuiAdiaii Oeoeml Electric Company. 


221 



18 


SYNCHRONOUS MOTORS 


the diagram, is closed in the iii)per position impressing direc*t volt- 
age on the exciter which now operates as a motor. The armature 
resistance is then cut out through the starting box and the motor 
accelerates to full speed. After full speed is attained (which in this 
case is apj)roxiuiately 10 revolutions below synchronous sj)eed), the 
synchronizing lamps will conunen(*e to f]ic*ker, at which time it is 
safe to throw the motor across the line through the three-pole oil 



switch connected to the station bus. "J"he motor now spt'cds up and 
will probably hunt until the double-throw switch is thrown to the 
bottom position wh^^n the ex(*iter is changed from a motor to its 
proper function as an exciter. The field current is then adjusted to 
load and power factor of the motor. 

A synchronous motor can be stirred at the same time the alter- 
nating-current generator that will supply current to the motor is 








SYNCHRONOUS MOTORS 


19 


started. This method is sometimes employed as an emergency or 
where the motor rating is nearly as great as the rating of the alter- 
nator. As, the alternator is started, the motor is also started by 
pulling on the belt or by some similar means; and as the alternator 
accelerates, the motor keeps in step witli it until synchronous speed 
is reached. A motor thus startl'd can carry no mt'chanical load 
until synchronous speed is reached and the field is excited. 

Operating instructions 

Owing to the greater amount of auxiliary equipment, a synchron- 
ous motor needs more (‘are and attention than an induction motor. 
When a synchronous motor has an individual exciter, there are two 
distinct machines to servi(*e. one direct and the other a combination 
of direct and alternating. In order to keep these in proper running 
condition, the following rules should be observed: 

(1) Inspect the motor, exciter, and control at least once a day. 

(2) Keep all of the above eejuipment and the room in which it is housed 
absolutely clean. 

(JI) See that the b(»a rings are not leaking and allowing the oil to come in 
contact with the windings of either miudime or the exciter commutator. 

(4) Keep the commutator of the exciter true and undercut. 

(5) Sec that the brushes on the commutator and motor collector rings 
arc free to move in their holders. 

(()) See that the motor overload relays are set at a value 'which will pro- 
tect the motor in case of an overload. 

(7) Si’e that the motor has the proper amount of excitation; that its power 
factor is not too low, either leading or lagging. 

(8) E.xamine the air gap.s of both machines at least once a month to a.scer- 
tain if the bearings are wearing, 

(9) Change the oil in all bearings at least every six months, or oftener 
if motor is operating in a damp or dusty location. 

(10) If the motor is direct connected to its load, see that there is sufficient 
end play so that the motor wall float and maintain its true magnetic center with 
respect to the rotor and stator. 

(11) Change the leads to the collector rings at least every six months. 
This allows both to w'car down at the same rate. The positive collector ring 
wears down much faster than the negative ring. 

Troubles of synchronous motors 

Table I shows the usual troubles of sjTiehronous motors in 
tabulated form for ready reference and following the tabular matter 
is a discussion of some of these troubles. 
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TABLE I 

Troubles of Synchronous Motors 


Symptom 
1. Hot bearing 


(a) 


Trouble 
Bearing d»*\ 


(a) 


(b) Bearing dirty 


(b) 


Cause 


Not sufficient (a) 
oil 

Dust or dirt in (b) 
oil 


Remedy 


Refill with clean oil, after washing 
bearing with kerosene. 

Refill with clean oil, after washing 
bearing with kerosene. 


(c) Bearing tight 


(c) Not sufficient 
oil, or dust or 
dirt in oil, 
or particles of 
metal sheared 
off and de- 
posited at 
other parts 


(c) Scrape bearing and shaft or re- 
place bearing. 

(Note: Never use ice or water on a hot 
bearing unless the motor is kept run- 
ning as it 18 liable to spring the shaft.) 


(d) Oil rings not 
working 


(d) Rings out of 
slots 


(d) Replace rings, making sure no 
metal adheres to sides of slots. 
If rings stick or run slowly, bevel 
at either top or bottom with a fine 
file. 


(e) Bearing bind- 
ing 


le) Shaft out of 
true 


(e) Place shaft in a lathe and true and 
renew bearing. 


(f) 


Bearing out of 
true 


(0 


Too much 
strain on 
pulley 


(f) Bearing should be shimmed with 
thin pieces of tin as a temporary 
expedient, or replaced by a new 
I one. 


kg) 


2. Bearing hot, 
but no hot- 
ter than 
other parts 
of motor 


I oose bearing fg) 


Heat trans- (a) 
f erred from 
rotor or stator 
windings 


VibratHin (g) 


Overload on (a) 
motor 


Tighten set screws holding bearing 
in journal. 


Decrease load or increase size of 
motor. 


3. Stator wind- 
ings hot at 
certain .spots 
to cause 
smoking; 
wedges over 
coils 
charred 


Displaced air 
gap, or rotor 
not centered 
in stator 
(Note: Owing to 
the air gap of n 
synchronous motor 
being greater than 
in an induction 
motor, this trouble 
is seldom met with, 
although the bear- 
ings may become 
worn.) 


Motor field 
over-excited 


(b) 


Bearings worn 
on one side 


Decrease strength of field by 
lowering the excitation. 


If noticed before coils are dam- 
aged, realigning the bearing and 
in.serting new wedges will correct 
the fault, otherwise coils will need 
to be replaced. 
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TABLE I — Continued 
Troubles of Synchronous Motors 


Symptom 

Trouble 

Cause 

Remedy 

4. Motor fails 

(a) Not sufficient 

(a) Voltage too 

(a) Increase the line voltage. The 

to start 

torque 

low 

toroue is increased or decreased 
as the square of the applied volt- 
age, i.e., if the voltage is doubled, 
the torque is increased four times. 
The starting torque of a motor 
having reduced voltage, starting is 
increased by raising the com- 
pensator taps. 


(b) Open circuit in 
stator windings 

(b) Due to a short 
circuit, rough 
handling, etc. 

(b) Repair break by "‘jumping’^ the 
damaged coil or coils, or replace 
damaged coils. 


(c) Friction 

(c) Bearings too 
tight 

(c) Loosen bearing caps and, if the 
trouble persists, scrape the bearing. 


(d) Overload 

(d) Mechanical 
load too great 

(d) Remove part of the load or install 
a clutch coupling between motor 
and load. 


(e) Wrong connec- 
tion in com- 
pensator 

(c) One phase re- 
versed or care- 
1 lessness 

(e) Test out and make proper con- 
nection. 


(f) Motor trying 
to start single 
phase i 

(f) One line open; 
contacts on 
circuit breaker 
burned off 

(f) Te.st out line or repair circuit 
breaker. 

i 

1 

(g) Solenoid circuit 
not functioning 
(Notk; Aiiplu-w to 
automatic start- 
ing.) 

ig) (1) Battery cir-^ 
cuit open or 
battery fully 
discharged 
tNoTK: Applies to 
automatic start- 
ing.) 

(2) Operating 
arms holding; 
circuit making 
and breaking 
contacts not 
working prop- 
erly 

(3) Contacts 
dirty or burned 

i 

1 

1 

(g) (1) Test battery circuit. Test 
voltage of battery, and if low, re- 
charge. Clean all contacts. 

(2) Lubricate the operating arm 
bearings and see that they f^ into 
their neutral position. 

(3) Contacts should be cleaned 
once every week. 
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TABLE I — Continued 
Troubles of Synchronous Motors 


Symptom 


Trouble 


5. Motor starts 
but fails to 
come up to 
speed 


Not sufTicicnt 
torque 


(a) 


Cause 


Itotor field in 
circuit with ex- 
citer, due to 
discharge 
switch being in 
wrong position. 
This creates a 
separate flux 
which opposes 
the alternating 
flux in th<‘ sta- 
tor windings 


(a) 


Remedy 


Open the circuit between the ex- 
citer and motor field windings. 


6. (a) Motor 
comes up to 
synchronous 
speed but 
cannot be 
throw on 
the line 


(b) Mechanical (b) (1) Open discharge resistance, 
load too great {Note: l'ar»‘ nm.'it lx- o\prciseil in em- 

ploying this mi'tliod, and tho resistance 
circuit must be closcfl before shuttiui; 
down, otherwisi* the fiidd windings may 
be damaged.) 

(2) Raise the line voltage. 

(3) Increase the squirrel-cage 
windings on the rotor. 

(4j Install clutch between motor 
and load. 


1(c) 


Trouble in 
oxcitcr circuit 


(a) 


Not enough (c) 
bridges or bars 
in squirrel-cage 
winding 


( )pen circuit (a) 
ill rotor field 


Install clutch between motor and 
load. 


Test out with low voltage or 
magneto and repair the break. 


(b) Motor 
fails to 
s>Tichronize 


(b) Open circuit 
in exciter field 


(b) Test out with low' voltage or mag- 
neto and repair the break. 


(c) Circuit 
breaker trips 
out when 
line voltage 


(c) Open circuit 
betweer ex- 
citer and 
motor field 


(c) Test out w'ith low voltage or mag- 
neto and repair the break. 


on motor 


Kd) 


Open circuit 
in exciter 


(d) 


armature 
(Note: The circuit 
between rotor and 
exciter ib not brok- 
en b a case of this 
kind, but thi* riir- 
rent is interrupted 
and decreased.) 


Bridge the open circuit by con- 
necting the commutator bars each 
side of break. 
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TABLE I — Continued 
Troubles of Synchronous Motors 



Trouble | 

(e) 

(0 

(g) 

(h> 

(i) 

U) 


Cause 

Faulty brushes (e) 
on exciter caus- 
ing the same 
trouble as above 
stated 

Open circuit in (f) 
motor field 
rheostat 

Open circuit in 'gi 
exciter fiehi j 

rheostat ' 

Field discharge ih) 
sv. itcli fails 
make proper 
contact 

Short circuit '^i) 
in one or more i 
field coils 

Reversed coil (j) 
in rotor field 
circuit. 

(Note A fault of 

tliH kind (’annot 
hapjan wliilt* the 
motor is runnuut. 
hut would bt* <iut 
to a wrimg com 
nrcpon \^hilt r<*- 
pairs wore Inung 
made to the rotor 

All of the other 
faults could I 
happim, hovs- 
ex er, while the 
motor XV as run 
ning, due to 
careU\ss opera- 
tion, or from 
foreij:n mater- 
ial being drawn 
into the motor 
by suction, or 
by damage to 
the exciter and 
wiring 


Remedy 

Adjust brushes if out of line, renew 
if broken or w oin; increase tension 
of brushes and clean the commu- 
tator. 


Test w'lth a magneto and repair 
break. 


Test with a magneto and repair 
break. 


('lean contacts and, if badly pit- 
ted, renew. 


Test wdth low voltage and com- 
pass, and repair or renew damaged 
coil or coils. 

Test with low voltage and com- 
pass, and reverse connections of 
cod causing the trouble. 

Note In conniption with the above 
two renicdii‘8, low direct-current volt- 
iiKc iR applied to the field wuidiogs and 
a compa*'*' held to each pole. In case of 
u short circuit, the short-circuited pole 
will pive no dcfliPtion of the needle. 
With a reversed coil, the defliPtioa is 
op}X)sitc to what it should be, in other 
words, instead of adjacent north and 
'»outh poles, there will be two north or 
two south poles together.) 
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TABLE 1 — Continued 


Troubles of Sjmcbronous Motors 


Symptom 

Trouble 

Cause 

Remedy 

7. Stator wind- 
ings hot at 
all parts 

(a) Mechanical 
overload 

(b) Low power 
factor 

(a) Mechanical 
overload 

(b) Overexcitation i 
of field coils 
(Note: The low 
power factor in this 
case is leading, and 
has the same effect 
as low lagj^ing 
power factor, since 
the current and 
voltage are out of 
phase in the same 
proportion.) 

(a) Remove part of load or increase 
size of motor. 

(b) Adjust field excitation until the 
stator current reaches a value 
where further adjustment will in- 
crease its value. This will increase 
the power factor of the motor, but 
will lower the power factor of the 
system. 

8. One or more 
coils in 
stator so hot 
that the in- 
sulation is 
burned 

Short circuit 
in one or more 
coils 

Due to mechan- 
ical injury or 
broken-down 
insulation, duo 
to overheating 

"Jump” the injured coil as a tem- 
porary expedient, or replace with 
a new coil. 

9. Motor 
issues a pe- 
culiar hum- 
ming sound 
which in- 
creases and 
decreases in 
volume at 
certain inter- 
vals 

(Note: Mo- 
tor may even 
slow down 
and stop, or 
trip the cir- 
cuit breaker 
in a case of 
this kind.) 

Motor ''hunt- 
ing” 

(a) Unstable speed 
of prime mover 
on alternator 
supplying the 
motor 

(b) High resistance 
in line. Only 
found on ex- 
cessively long 
transmission 
lines 

(a) If speed of prime mover cannot be 
properly regulated, adding more 
bars to the squirrel-cage winding 
will correct the fault. 

(b) If speed of prime mover cannot 
be properly regulated, adding 
more bars to the squirrel-cage 
winding will correct the fault. 

10. Motor 
issues a 
harsh buzz- 
ing sound 
which rr 
mains con- 
stant in 
value 

(a) Short-circuited 
coil or group 

(b) Open circuit 

(a) Due to me- 
chanical injury 
or broken-down 
insulation due 
to overheating 

(b) Due to me- 
chanical injury 
or broken-down 
insulation or 
due to a short 
circuit which 
win bum out 
the coil and 
cause an open 
circuit 

(a) Jump the injured coil as a tem- 
porary expedient, or replace with 
a new coil. 

(b) Jump the injured coil as a tem- 
porary expedient, or replace with 
a new coil. 
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TABLE I — Continued 
Troubles of Synchronous Motors 



11. Motor trips (a) Surge on line 
its circuit 
breaker and 
shuts down, 

^though the 
induction 

motors on (b) Low voltage 
the same 
^stem re- 
main 
running 


(c) Excitation 
ceases while 
motor is carry- 
ing a heavy 
mechanical 
load 


(a) (1) Momentary (a) No remedy. Line usually rights 

high voltage itself in a few seconds, after which 

due to speeding the motor can be again started, 
up of alternator 

(2) Lightning 

(b) ( 1 ) Momen tary (b) ( I ) No remedy. Line usually rights 

slowing down itself in a few' seconds, after which 
of alternator the motor can be again started. 

(2) Short cir- (2) No remedy. Line usually rights 
cuit on line. itself in a few seconds, after which 

the motor can be again started. 

\o) (1) Open circuit (c) (1) If the exciter voltmeter shows 


between exciter 
and motor field 


(2) Exciter not 
operating I 


a reading, the trouble is either 
in the motor field, in the motor 
field rheostat, or in the wing 
between the exciter and motor 
field. Test out the various parts 
of the circuit with a magneto or 
Megger and repair. 

(2) If exciter voltmeter does not 
^ow a reading, the trouble is in 
the exciter. Examine the brushes, 
test the field coils with low voltage 
or a magneto, test the armature 
for open circuit and test the exciter 
field rheostat, and repair. 
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TABLE I — Continued 


Troubles of Synchronous Motors 


Symptom 

Trouble 

Cause 

Remedy 

12. Motor 

Kotor out of 

(a) Motor not 

(a) Level the motor bed plate. 

issues a loud 

stator mdtjnotic 

level 


growling 
sound, easily 

center 



distinguished 
from those 


(b) Shaft collars 
shifted. Too 

(b'l Adjust collars for proper end play. 

(Notk The cores of synohronoua 

mentioned 


great end play 

motors art' narrow lo comparison with 
induction motors.) 

above, and 
motor acts 
as if over- 
loaded, al- 
though the 
direct-cur- 
rent meters 
show no 
over-excita- 
tion and 
motor is 


of shaft. 



running 

light 
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Symptom 2. Transfer of heat from rotor or stator windings. 
Over-excitation of the motor field causes the motor to operate at a 
low leading power factor, which is wasteful of energy and overloads 
the motor. 

Symptom 4. (a) Voltage too low. Where reduced voltage starting is 
employed, it is usual to use a starting voltage of from one-half to 
two-thirds line voltage. If, however, the line voltage is low, it will 
affect the torque of the motor, since the torque increases or decreases 
as the square of the applied voltage. Assuming the torque at full 
line voltage is 250 pounds feet at 550 volts, the torque at one-half 


voltage is 


2752 

5502 


limes 250 equals 02.5 pounds feet. 


Thus while the 


voltage is reduced one-half, the torque is quartered, since 250-^62.5 
equals 4. 

If tlie motor will not start with the compensator taps in their 
original position and the load is off the motor, raising the compensa- 
tor taps to a higher value will usually remedy the fault. If, however, 
the motor still w ill not start, the only remedy is to raise the line volt- 
age if it is at all low. 

(b) Open cirevif in stator windings. The cause and remedy for 
this fault are the same as for induction motors. 

(c) Friction of bearings too great. This may be caused from over- 
heating, due to grit in the oil or shaft out of alignment. 

(d) Mechanical load too great. A synchronous motor, unless 
specially designed, is not able to start under load conditions owing to 
its low starting torque. Synchronous motors are better adapted for 
starting loads that increase as the speed of the motor increases, such 
as centrifugal pumps or where the load is not applied until after the 
motor is on the line, such as pulp grinders, etc. Thus if the mechani- 
cal load is too great, installing a clutch coupling will remedy the 
fault. 

(e) Wrong connections in compensator. In connecting up a 
compensator, care must be used that the phases are not reversed, 
sinc^ a reversed phase in the compensator acts much the same as a 
reversed phase in the motor. The result is to lower the starting torque 
and a defect of tliis kind will be noticed by unbalanced anuneter 
readings. In order to determine the source of trouble, the rotor 
must be revolved by some method, such as an auxiliary motor, since 
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at standstill the currents are unequal even if the connections are 
correct. Another method of obtaining balanced readings and thus 
locating any unbalance and the source of trouble is to move the 
rotor to successive points on each phase, as shown in Fig. 11. The 
correct and wrong ccninectioiis between a motor and compensator 


SECOND POINT ^ —PHASE 3 



Fig 11 Method of Obtauung Balanced Headings in 
the Field Coils of a S> richronous Motor 

TO LINE TO LINE 



CORRECT INCORRECT 

Fig. 12. Diagram of Correct and Wrong Methods of 
Conne<*ting C'ompensator Windings 

are shown in Fig. 12. A reversed phase in the stator windings is 
remedied in the same way as for an induction motor. 

(f) Single-phase operation. This trouble is not always apparent 
and the whole circuit must be tested out until the offending unit is 
located. Tests may be accomplished with a Megger, magneto^ yoitp 
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meter, or a bank of lamps. In making the test for open circuit in 
the starting equipment, a start is made at the disconnecting switches. 
If voltage is at this point, the oil circuit breakers or line and starting 
contactors, as the case may be, are next tested. If there is no voltage 
at this point, the contacts are carefully examined and will no doubt 
be badly burned. If, however, the circuit breakers test O.K., the 
trouble is in the leads between the circuit breakers and the compen- 
sator or between the compensator and the motor. Testing each part 
of the circuit separately will disclose the source of trouble. 

(g) Solenoid circuit rwt functioning. This fault is encountered on 
automatically started synchronous motors only. The start and stop 
circuits are fed from storage battery mains at 125 volts and the trouble 
will be found either in the battery itself or in the contacts, or in the 
closing coil circuit which is fed from the exciter circuit, or due to 
mechanical trouble such as operating arms holding or circuit making 
and breaking contacts not working properly. 

If the battery is low when tested with a voltmeter, it should be 
immediately recharged. If the battery circuit is open at any point, 
it must be trawd and the break repaired. If the trouble cannot be 
traced at these points, the conclusion is that the contacts are dirty. 
In any event, these contacts should be sandpapered at least once a 
week, and oftener if they become pitted or burned or if the equip- 
ment is installed in a damp or dusty location. If the trouble rests 
with any of the mechanical parts, such as the operating arms, it will 
be readily noticed by the solenoids being unable to close the breakers. 

Symptom S. (a) Rotor or field in circuit with the exciter. The 
6eld switch should be open to the exciter circuit but closed through 
the discharge resistance so as to short circuit and kill the induced 
current in the field coils when the motor is being started up. Excita- 
tion should never be applied to the field windings until the motor 
approaches synchronism, since if applied with full voltage at any 
sj)eed below 75 per cent of synchronous speed, the motor may actually 
lose speed. 

In the wiring of synchronous motors it has been shown that, in 
some instances, the motor fields are permanently connected to the 
exciter circuit, but in these instances the field resistance is all cut in 
the circuit and full field excitation is not applied until the motor is 
in synchronism and on the line. 
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(b) Mechanical load too great There are four methods of remedy- 
ing a fault of this kind. 

(1) By opening the discharge resistance circuit. Tiiis method is 
simple but might be fraught with disastrous results through care- 
lessness. On most synchronous-motor installations the discharge 
switch is so constructed that when the fields are not on the exciter, 
they are short circuited through the dis(*hargp resistance, and there 
is no open circuit through the field. Adding a single-pole, single- 
throw switch in series with the dis(*harge resistance, as in Fig. 13, 
has the following efiect. Opening this switch allows the induced 
current to build up in the field winding as the motor comes up to 



speed. This current is alternating and acts in the same manner as 
the current induced in the rotor of an induction motor. After the 
motor has reached synchronism and has beem thrown on the line, the 
field is connected directly to the exciter, the operation being performed 
quickly in order to kill the induced current in the field windings; 
otherwise either or both the field and exciter armature windings 
may be injured. The single-throw switch must then be closed for, if 
it is left open, on shutting down the motor the field windings might 
be seriously damaged from the heavy current flowing in them. This 
is a makeshift method but should never be attempted unless the 
motor is under the supervision of a skilled operator. 
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(2) By raisin^]; the line voltage. This method will correct the 
difficulty but inigljt irit(‘rf€*re with the equipment of other consumers 
on the same line*. 

(3) By incn^asiiif: the rotor squirrel-cage or amortisseur winding. 
This is the most [)ractieal of all the various remedies. A synchronous 
motor may start under fair load conditions, but when reaching a 
certain speed, usually around two-thirds of synchronous speed, the 
speed ceases to increase. An instance of this is in starting a synchron- 
o\is motor direct connected to a centrifugal pump. As the speed 
increases, the load of the pump also increas(*s and the torque not being 



Fijx 14 .Muminp H<m Increase the Starting Torque of 
a S\nchronouB Motor by Increasing the Bars 
in the \morfi88Cur or Squirrel-Cage 
Winding of the Rotor 


great enough to oxereoiue the extra load, the motor speed (‘aiinot 
increase'. The r«'med\ consists of adding extra bars to the squirrel- 
cage winding, as sliovvii in Fig. 1 L 

(4) By installing a elutc-h coupling. This is an expensive method 
but is effective, since the motor can always be started with no load. 

Symptom 9. Motor hunting. Hunting of a synchronous motor 
is due to unstable speed of prime mover dri\ iug the alternator supply- 
ing the motor, or to high line resistaiu'e. While the latter is seldom 
encountered, the former is quite (*ommon. Since the syiK'hronous 
motor derives its name from the fact that it travels in synchronism 
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with the alternator supplying it, it is also a fact that if the speed of 
the alternator varies, the speed of the motor will also vary, this varia- 
tion being called hunting. As the speed of an alternator varies, the 
frequency also varies ; and it often happens where the motor is carry- 
ing a heavy load that it cannot accelerate and keep in step with the 
alternator when changing from a low frequency to a higher frequency. 
When a motor fails in this respect, it loses speed and will eventually 
stop ; and unless the breakers open, the windings will be burned out 
by the heavy rush of current. 

Symptom 11 . Either a surge on the line or low voltage may cause 
a synchronous motor to trip out, the symptom being the same as 
hunting Failure of excitation may not cause a motor to drop out 
if the motor is running without load, but when loaded it will operate 
as an induction motor and will therefore slip in speed and eventually 
come to a standstill, usually with disastrous results. 



STATOR OF A LARGB SYNCHRONOUS MOTOR 

Courteay of Alha^Chalmera Manufacturing Co., Milwaukee, Wtaeonam 
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ROTOR FOR AH 8850 H. P., 380 R. P. M., SYNCHRONOUS MOTOR FOR DRIVING A STEEL MILL MOTOR GENERATOR 

Courtesy of AlUs-Cholmers Manufacturing Co., Milwaukee, Wisconsin 
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LARGE SLOW-SPEED ROTOR HAVING WELOEO STRUCTURAL STEEL SPIDER 


Courte<fy of Alh<f-Chdmers Manufactunny C o , MitwauUe, Wi%connn 
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In order to fully understand the type, selection, and applica- 
tion of alternating current motor starters, it is necessary to review 
the types of motors involved. 

The first division, naturally, would be that of single-phase and 
polyphase motors. 

Th(' types of SingIe»Phase motors generally used are: 

Shaded pole motors 
Split-phase motors 
Capacitor type motors 
Universal motors 

Repulsion-induction (R.I.) motors 

The types of Polyphase motors generally used are: 
Squirrel-Cage motors 
Slip-ring or wound rotor motors 
Synchronous motors 

Types of Starters, Manual starters, where the connecting of 
the motor and acceleration is under the control of an operator. 

Semiautomatic .starters, wrhere the connecting of the motor and 
acceleration is under the control of the oi^erator, but the actual 
switching is accomplished by automatic means. 

Automatic starters, wdiere the connecting of the motor and th<» 
acceleration is automatic and the initiation of the starting process 
is accomplished by pilot devices such as push buttons, pressure or 
temperature switches, and float switches. 

The main functions of a starter are: 

1. Connecting the motor to the line and disconnecting it when 
motor is to stop. 

2. Reversing the motor, w’here reversing of the driven machine 
is required. 

3. Protecting the motor from overloads. 

niustratioxif by oourteay of Allen -Bradley Company, Milwaukee. Wia. 
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4. Disconnecting the motor from the line in case of voltage 
failure. 

There are, of course, other functions for which starting equip- 
ments are used, such as plugging motors to a quick stop in connection 
with machine tool controls, operating several motors in sequence 
in connection with conveying equipment, chemical processes, as- 
sembly lines, and machine operation. 

SINGLE-PHASE MOTOR STARTERS 

Shaded Pole Motor. Control equipment for shaded pole motors, 
since they are made only in small sizes, consist mainly of some small 
switching equipment, such as ordinary snap switches, in case of 
manual control. Where control is automatic, small relays or a pilot 
device can be used. One of the main applications for this equipment 
is found in valve and damper operation; small fans can also be driven 
by this type of motor. 

Split-Phase Motors. Control equipment for split-phase motors 
is also limited to low horsepower requirements such as washing and 
ironing machines, small household pumps, etc. They are hardly 
ever built for higher than % horsepower due to the high current 
inrush on starting. Most power companies will permit this type of 
motor only on intermittent loads, because of the bad voltage effect 
on their distribution lines. All starting equipments used with these 
types of single-phase motors connect the motor directly to the line, 
Fig. 1. These motors have a starting and a running winding; after 
the motor has reached about % speed, an internal centrifugal switch 
cuts out the starting winding. Due to the high current inrush which 
may reach seven to eight times normal full-load current which these 
motors take, switching equipment has to be carefully selected, 
especially where automatic control is involved, and manufacturers 
will oiten limit the capacity of their equipment to % horsepower in 
case of split-phase motors, especially where frequent operation can 
be expected. 

It is well to keep in mind that the split-phase motor has a low 
starting torque and that both power factor and efiSciency are low— 
around 65 per cent. 

Capacitor Motors. Control equipment for capacitor type motors 
is not quite so simple even though the fundamental construction of 
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the motor is the same as that of the split-phase motor; that is to say, 
the motor has a starting and a running winding. As the name im- 
plies, the motor uses a condenser in the circuit. For some motors the 
same condenser is used for starting and running. Other motors use 
a condenser only during starting and run as induction motors. Some 



Fig. 1. Diagram of Iiit4>rnal Circuits of Split-Phase Motor 



Fig. 2. Schematic Diagram of the Capacitor Stait Split -Phase Motor 


motors use one condenser value for starting and another value for 
running. 

The capacitor type motor has a starting and a running winding. 
Fig. 2. The starting winding has a condenser connected in series. 
As the motor is coming up to speed, the starting winding and the con- 
denser are cut out of the circuit. This can be accomplished either by 
a centrifugal switch inside the motor or by an outside switch which 
is a part of the motor control equipment. After the starting winding 
is disconnected, the motor runs as an induction motor. 

The starting switch can be operated manually in connection 
with the motor starter if it is of the manual type or by a relay, 
which can be either current or voltage operated if the starting equip- 
n^nt is automatio. 

'Hiis motor has a high starting torque at low starting current. 
T|i^fi^-lqad performance is the same as that of a split-phase 
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motor. In this type motor, Fig. 3, the condenser can be used in 
connection with an autotransformer in order to reduce the required 
condenser capacity. 

A motor which uses the same size condenser for starting and 
running does not have to have a starting switch, Fig. 4. The con- 
denser is connected in series with one winding, as shown in diagram. 
This type of motor is used primarily for intermittent service and can 



Fig. 4. Schematic I hagrnm of a Cai*'icitor Motor in W Im li lh»’ Comlenhcr Is m the 
Circuit Duruig .st.irtmg and Hunmnu Pcnods 

also be used for reversing. In one direction of rotation* the line is 
connected to 1 and 2; for reverse direction to 1 and 3. A transformer 
can be used in connection with this motor in order to reduce the size 
of the condenser. 

These types of motors are essential single-voltage motors and 
cannot be adapted to dual voltage (110^220 volts) readily without 
complications. 

Most applications of the capacitor motors are found in con- 
nection with household refrigerators, oil burners, stokers, and house- 
hold pumps and are today of great importance and serve to reduce 
line disturbance. 

Where an internal centrifugal starting switch is used, an out- 
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Bide starting relay is not required — a motor control switch, which 
in its simplest form may be a snap switch, will be sufficient. Where 
motor protection against overload is wanted, a small single- or two- 
pole auxiliary breaker can be used. Fig. 5. For motors larger than 
1 horsepower rating an outside starting switch is used. The switch 
may be time, current, or voltage operated. If manual control is 



Fig, 5. Fra<’tional Horsepower Starting Switch 
and Thermal Overload Circuit Bieaker 


UN£ 



Fig. 0. Connection Diagram of a Capacitor Start Motor with a Series Relay 
for Connecting the Condenser in Senes with the Starting Winding 


used, a three-pole switch is necessary for the control and the method 
of connection is as shown in Fig. 6. 

Capacitor motors can also be used in reversing service. Fig. 7 
illustrates and describes the method of connection used. 

Where automatic control by means of push button, pressure, or 
float switch is indicated an automatic starter will be required, and, 
depending on the size of the motor, either across-the-line starting 
or starting with a step of resistance to reduce the current taken from 
the line. 
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Universal Motors. As the name implies, universal motors can 
be used for alternating current and direct current. These motors 
are primarily fractional horsepower motors, and their maximum size 



Fig. 7. Wiling Diagram of a Hutton Autoiriutic Rfversing Controller I sed for a 

Cipacitoi Motor 

Pressing the push button niiiked For (for\%ard) causes cunent to flow from tlie terminal 
LI, through the o\frlodd cont u ts 7’/ and thiough the (ontuctor coil H to terminal Cl, across 
the croshhatdi contact', of the forwuid push button, diagonally through the “Nonnally Closed” 
contacts ot the H< \ Cn\eis rigj button thiough the cosed lonlatts ot the stop button through 
the oveiload trip ontarts ('5 to tcnmnal LS of the line C’uirent going through the i mtaetoi 
coil B moves the fiair loiitactors on the cros.shatched bar maiked For. to the left, connecting 
Ll of the line direct 1\ to tenninal 3 of the motor 

Cuirent flows lliirugh the motor winding fiom 3 io I to terminal T3, across the contaetoi 
to Ttf, through the conch iisei tennmals / to / to teimnil T5 and line Li This winding has 
the condensei connected n sf nes with it There is uiioiIk'i circuit from Ll through the over- 
load coil Tl to terminal S of the motor 

The cunent flows out ol terminal 4 of the motor thiough the oveiload cod T4 to temimal 
T5 and across the contactor to line L2 

Pushing the stop buttem steeps the flcjw of current through the control circuit and coil B, 
shutting doan the motor. 

Pressing the Itei (reverse*) button causes the current to flow from Ll, through the over- 
load contacts Tl thnuigh coil C. terinmal ('} on the contactor, across the crosshatcli line of the 
reversing switch, which is closed bv pushing a push button, through the unshaded contacts 
of the forward push button, Ihrough the stop button to contact C6 and to terminal L2 of the 
line. .Trent flowing thiough toil C c-nuses the plunger of the coil to move the four contacts 
attached to the crosshatch lod to the left The crosshatchmg reprasents insulation. When 
the Rev. contactors close, cunent Hows from Ll to the left-hand fxintact af the leversing con- 
tactor to terminal TS, through the inotoi tciminal / to 3, terminal T2, atruss the contactor to 
terminal Td, thrcjugh the condcsiser teinunal I to ^ to terminal T5, actoss the reversing contactor 
to terminal Li of the line. There is also a flow of cunent fiorn Ll through overload coil Tl 
to terminal t of the motor, through the winding to terminal 4, through the overload coil T4 to 
terminal on the rever.ing contactor and to line Li. Thu.s the direction of the flow of current 
through the motor winding 3 and 1 is reveised, causing the direction of rotation of the motor 
to be reversed. 

When limit switches are used the lines marked B and C are removed and the dotted lines 
substituted. The purpose of the limit awitih is to open the circuit when the machine operated 
by the motor has reached the hunt of its movement or travel. 
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is % horsepower, 110 and 220 volts. They can be operated on any 
frequency from 0 to 60 cycles. Inherently these motors are high- 
speed motors and have series motor characteristics, that is, the speed 
changes with the load — tlie greater the load, the slower the speed. 
Universal motors respond to speed regulation by resistance, which 
makes them especially valuable for driving loads such as sewing ma- 
chines, bookkeeping machines, fans, etc. The output of these motors 



hiK h I (Kit -(>!><>) ('ontjollfi for 
Small Motors 



Fig. 9. Diagram of Govomor Conti t>l \\ huh Insert v Rt’sii.tanco m a Sories Motor Cir- 
tuit SpiHHl Uwoinfs Too Giinit When Spivd K Below Noniuil the Resistance 

Is ireuitod b\ Closing of the Gt»\ernor Contacts 


is less on alternating current than on direct current, and this has to 
be considered in their control, mainly where they are used for their 
universal characteristic. On direct current a step of resistance may 
become necessary to get correct operation. 

The universal motor is inherently not reversible, and good com- 
mutation can be obtained only in one direction; also the power out- 
put is less in the reverse direction, therefore revei'sing should be 
limited to infrequent service and short-duty cycle. For the control 
of these motors, plain snap switches can be used. Fig. 8 shows a foot- 
operated sewing machine controller. 

Where constant speed is required for a universal motor drive, in- 
dependent of load changes, governors have been developed which act 
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on the principle of a centrifugal switch, introducing a resistance when 
the motor speeds up and short circuiting the resistance when normal 
speed is restored. The connection is shown in Fig. 9. Often a con- 
denser is connected across the switch points to protect them from 
undue arcing. 

Repulsion-Induction Motors. As the name indicates, the motor 
starts as a repulsion motor and runs as an induction motor. This 
type of motor is commonly referred to as an motor and is 

perhaps the most widely used single-phase motor. It finds its appli- 
cation in refrigeration machinery, compressors, pumps, fans, etc. 
The inrush current is from 300 to 350 per cent of normal full-load 
current, and has high starting efficiency, that is, torque per ampere 
inrush current. 

The motor starts as a repulsion motor, but on reaching a pre- 
determined speed the governor operates due to the centrifugal force, 
changing it to an induction motor. The movement of the governor 
pushes the short-circuiting device forward and short-circuits the 
commutator bars and also lifts the brushes. This results in a short- 
circuited armature and frees the brushes from friction, the motor 
becoming in effect an induction motor with a squirrel-c$ige rotor. 
The commutator is in service only during starting and provides the 
continuously rotating field by commutation to produce the torque 
during starting. 

It can be seen readily that the actual starting cycle of the 
repulsion-induction motor is entirely automatic and that no outside 
starting equipment is necessary, except the means of connecting the 
motor to the line and disconnecting the same. 

As mentioned previously, this type of single-phase motor is 
perhaps the most widely used motor and is being built up to 15 
horsepower capacity. They are in nearly all cases double voltage 
motors, that is, the motors can be used in cither 110 or 220 volts. 
Four leads are brought out, permitting the stator windings to be 
connected either in parallel for 110 volts or in series for 220 volts. 
Fig. 10 shows the electrical connection necessary for the different 
voltages. 

Since these motors can be used on 110 and 220 volts without re- 
connection inside the motor, and because often the voltage to which 
they are to be connected is not known, it is sometimes an advantage 
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that the overload protection which may be supplied with the starting 
equipment can also be used on both voltages. 

Fig. 11 shows a method by which this can be accomplished. 
It will be noted that the overload device OL is connected in only 




Fjg. 10. Diacrani Shewing How 110/220 Volt Motors Can Be 
Connected to Operate on Either Voltage Supply Line 



Fig. 11. Diagram Showing How the Control Switch and Overload Devices Are Connected on 
110/220 Volt Single -Phase Motors 


one winding on 110 volts. This may be considered a weakness of 
this arrangement, since in case the other winding should break down, 
the motor will not be protected. Therefore, if the motor is connected 
to a definite voltage, connecting the overload in series with both 
windings and changing the heater element is the better practice. 

Manual Across-the-Line Starter, Where no-voltage release is 
not required, the simplest form of starting device would be a common 
snap switch which has a horsepower rating. For a manual starting 
device where overload protection is to be provided, an auxiliary 
breaker, Fig. 6, which has a maximum rating of 1 horsepower, 
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110/220 volts, can be used. For larger motors, manual starters, 
Fig. 12, are suitable. 

These starters are being built in two sizes. Size 0 has a rating 



Fii; 12 A ManuulU Opeiated Slartti for Hinfile-Phase Motois 



t iir 1.1 A Pif ‘-siire-opt 


of 1 horsepower, 110 volts and V/j horsepower, 220 volts. Size 1 
has a rating of 1 Vi horsepow’er, 110 volts and 3 horsepower, 220 volts. 

Switches. Where single-phase motors are to be automatically 
controlled, pressure switches, float switches, and thermostats can be 
used. Fig 13 shows a t\vo-]>ole i)res^ure swdtch, which can be used 
on either air or watpr. The operation of the switch depends on the 
pressure of the w^atcr, which acts against a diaphragm that is backed 
up by a spring. The tension on this spring determines how^ high the 
motor has to pump the pressure before sufficient motion on the 
diaphragm is obtained to throw the pressure switch contacts to the 
'‘Off” position. When pressui e falls, the spring pushes the diaphragm 
in the opposite direction, closing the contact. 
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Pressure switches are also used in connection with refrigeration 
equipment to control the low pressure and the high pressure of the 
system. The low pressure controls the amount of refrigeration and 
has to be adjustable as to range and differential, that is, controlling 
the cut-in and cut-out point of the pressure switch. The high- 
pressure switch is a safety device, preventing too high a pressure, 
which would endanger the refrigeration system. These pressure 
switches make use of metal bellows to prevent the possibility of leaks 
in the system. 

Fig. 14 shows a conventional float type switch. The operation 




I U 14 \ Float ofMM itt I 

(\mtiol Switi h 



Fi(? lo 

A Theiuiost'if - 
optMattd ('oiitrol 

Switch 


of this device depends on the change of the water level in tanks or 
standpipes. A float is used which is counterbalanced by a weight 
and furnishes the jiower required for the switch operation. 

The switching can be arranged for either tank or sump control, 
that is, the pump is started either on a falling water level or a rising 
one. 

Thermostats. Fig. 15 shows a thermostat which is used to start 
motors that control fans in air-conditioning and heating installations. 
They may also be used to start circulating pumps and refrigeration 
compressors. The functioning of these devices depends on the 
expansion and contraction of gases or volatile liquids under 
temperature changes. 

A metal bellows system, which is filled and sealed with a liquid 
or gas, consists of a bellows (encloseo in case) , a coiled capillary tube 
and a bulb, Fig. 15. The expansion of the gas or liquid inflates the 
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bellows, exerting pressure against a spring, and the motion obtained 
is used to operate the switch. The cut-in and cut-out points are ad- 
justed by changing the spring tension. For smaller motors these 
devices are used to open and close the motoi circuit; for larger 
motors they serve as pilot switches or relays controlling automatic 
starters. 

Automatic Across-the-Line Starter, Fig. 16 shows an auto- 
matic across-the-line starter for single-phase motors. It consists 
of a magnetic switch and an overload relay When the coil is 



Fir 10 A iSinule-Phaso Automatic 
Acn>SH.tl«*-Liue Staiter 


energized by the pilot device, tlie armature of the magnet is attractexl, 
closing the switch contacts and starting the motor. The overload 
relay contacts are in scries with the operating coil. In case of an 
overload, the contacts will open, de-energizing tlie coil, and the 
switch will drop open, disconnecting the motor. 

These starters can also be operated by a ‘^Start^’ and ^^Stop’^ 
push button. This method of control usually is referred to as three- 
wire control. When the ^^Start^' button is pressed, the switch coil 
is energized and the switch closes, connecting the motor to the line 
and also closing an auxiliary switch which connects the operating 
coil directly to the line. This holding circuit is connected over the 
overload relay contact and the stop button. Opening of either one 
de-energizes the holding coil and opens the switch. The switch 
cannot close again unless the ^^Start^^ button is operated. This opera- 


250 



ALTERNATING-CURRENT MOTOR STARTERS 13 



Pig. 17 Connection Diagram of a Sincle-Phase Across- the -Line Automatic Starter for a 

110/220 Volt MoUir 

On 220 volts (A) the full number of tuins on a contactor coi! are used, "while on 110 volts 
(B), one-half the turns are used A wiring arrangemint which nukes pos'sible using the same 
thermal element of overload relav T4 for motors connected to either 110 or 220 volts is shown 
at (C). This requires an extra line between the motor femiinal TS and the starter terminal 



Fig. 18. Controller Diagram of a Tw’o-Point »Sta’*ter Which Connects Resistance in Senes 
with the Motor Line When ^ta^tlng 

When the start push button Fig 18 is pressed curient flows from Ll through the overload 
tnp contact, link C4-C5, across the stop button and the diagonal line to the start button, across 
that button to terminal Cl and link Cl to the starting contactor coil S, to the upper right-hand 
terminal of the starting contactoi, to line Lt As soon as the starting contactor closes, the 
reactance of the starter contactor coil applies full v'oltage across the timing relay, which has a 
dash-pot and gives a certain time interval before its plunger moves up and closes the contacts 
directly above it. When the timing relay closes the csontacls, current flows from Ll through the 
stop button, terminal Ct, through timing relay contacts, through the running contactor coU H 
and to line LS, This doses the running contactor connecting Ll through the contactor to motor 
terminals Tl and Tt to Ime terminal Lt. 

When the starting contactor closes, the contact SC is also dosed, thus provading a holding 
circuit through the slop button, Ct and coil S, to line Lt^ when the start button » released. 
When the running contactor doses, it also doses the control contact RC which gives a circuit 
for holding the running contactor closed. At the same tune the rumung contactor opens the 
contacts SCR, stopping the flow of current through the starting coil S. Then the starting oon- 
taotw opens and in doing so it opens the control contact SC. 

A two<-wire control for starting the motor, in addition to the push button station, can be 
connected as shown by the dotted lines at Cl near the SC oonUcts. 
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tion is spoken of as “No voltage protection Fig 17 describes the 
connection of a single-pliase across-the-line automatic starter. 

Reduced Voltage Staiter The starting devices so far men- 
tioned are for single-phase motors, which can be thrown directly 
across the line Power companies’ restiictions, however, may limit 
the permissible starting current, in which case a step of resistance 
becomes necessaiy. 


SMeL£-PHAS£ UN£S 



Kun Sin^lf Phust M tor 


PushiiiR th< start 1 utton murk(<) / >r cnusfs ruriciit to flow from Tl to the contftotor 
roil C to Cj thtoiufi thf forward fu h butt in shid<<i ronttrls tin ti ii th» reversing and 
St f> pusli I uttonb ttriiiinai C’i to 1 in /> I his olost s tin forwanl (oiilut r loiinriK /■'f to 
Tl and allows tlu <urnni to ri tlmiuh tin mam wiiuhiiK Tl to 7» to ti rminal / * actoss tht 
oontactor to 12 and rtMisinp win liriR It \d maiktd 73 through th» windinR to 7 / terminal 
TS of the (ontcKtir an 1 to luu I i Ih uppu ttrminals of tin n nt < t n uif muikid Ll I* 
anil /] Incitist a stindird thnt ph is» i nlittor is used 1 hi lontrol lontiits ( / and C2 
an )ojind topether nltn the rontaitir tlosis ir d jiroMd a flow if lurrint through the con 
taitor toil C whuh lulds thi contactor closid until the atop push button is prtssid 

When It IS dismd t riNirst tin duittnn « f rotation of tlu motoi (whnii is runniiiR) the 
stop iiutton IS pitsM 1 iiid aftir tlu foiuaid i mtictor opens tlu lit \ (rivirsiug) push 
button tan be i essstd Pri'-siiiR tlu rtMrsinR I uit n causes tlu riMisinj: eontnitor to tlost 
joins line Ll to lerminil Tl >f tlu m »tor illowiiiR lurrint to flow thi uph it t» uptier ttnninnl 
L2 and tlu riMrsing lontutor to ttimmil 7 # of tlu nttrsmn wiining thiuimh that winding 
to 73 ttrn inal 7’<*’ across tin tmtictor t> t*imu tl ( > ami lint tinninnl /? The flow of 
cuirtnt throiuh the u\trsinR windiiiK is t pp isiti to tin dmttion of fl w with forwaid contattor 
closed and tlu motor runs in the rtvtrsc dirtiti >ii When limit switilus art used connect as 
shown by dottid lims and remove lines from coil C to CJ and (oil I) to ( 3 

T'lg. 18 dcfeciibes a two-point starter. Closing of the starting 
switch connects the motoi through a stej) of lesistance. A timing 
device is put into the motor which wull, after a predetermined time, 
close the second switch, which shoits out the resistance and connects 
motor to full-lme voltage. 

Rcpul«5ion-induction motors can also be used for reversing 
service. Fig. 19 describes the method of connection for a four-lead 
motor. 
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POLYPHASE MOTOR STARTERS 
SquirreI»Cage Motors. In the foregoing we have given consider- 
ation to the single-phase motor and its control requirements, which 
are varied but quite simple, since mostly small motors having only 
starting and stopping requirements are to be considered. 

In the case of polyphase motors — principally the squirrel-cage 



Tin 20 Toiquo Cur\e*< for (I) Standard 

Tvpt Squirr<'l-Cuir«* Moioi arul (2) Low Current 
Inni'^h oi HiRh-Tintju Squniel-Cage Induction 
Motor 

The torque in «n indti< tion motor when it opeiatrd at ‘»\nchronou9 speed is aero, or at 
the baae line of the extreme right>hand pait of the cui\p As the speed of the motor falls 
below flynchroiious -peed th< torque incMa’-ev Tlit hnght of the tui\es (1) and (2), at the 
left above the hon/oni d hue iuaik(<i ‘-■pevd iiidi(at(«' the torque or turning effort ex- 
erted b> the mutoi when the switih is hist closed Thus the torque (i) produced by the high- 
torque squirrel-cage luotuis is neaiU twice that of the stand ud squirrel -cage induction motor. 
This enables the high-tonpie nuitois to start the nu»loi and inachmerv fiom rest with less 
line current than a ^tandal(l tipe motor uses Likeujsf when cipcrating at full load and a 
heavy oveiload occurs the mcitcu will deriease a grc*atei amount in speed and also produce 
more torque to keep the machine laoxing than will the standard squinel-cage motor. 

motor — matters are different, and control equipments are of great 
importance in order tliat the motor may function properly in regard 
to load requirementvS, 

In order that the proper motor and control be selected, it is 
necessary to consider: 

(1) The motor characteristic in relation to the load. 

(2) The design, construction, starting requirements of the 
machine, and the duty cycle to be obtained. 

(3) The power supply and the effect of the motor on the same. 

In order that the starting requirements for a squirrel-cage 

motor may be fully understood, it is advisable to mention the general 
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16 ALTERNATING-CURRENT MOTOR STARTERS 

characteristics of this type of motor. The inrush current, that is, 
the current which flows when motor is at a standstill and is con- 
nected to full-line vJJltage, is high, varying from five to eight times the 
full-load motor current. This current depends on the resistance of 
the rotor, and the efliciency varies with the rotor resistance, that is, 
the lower the rotor resistance, the higher the inrush current and the 



Fig 21 Manually Operated Resistaiu e 
T>pe bturttr for Poiyphubc* Motois 

higher the efficiency. With high rotor resistance a lower inrush 
current is obtained, and efficiency is correspondingly lower. 

Motors whicli have a current inrush of three to three and one- 
half times normal full-load current are ordinarily called low-current 
inrush or high-torque motors. Motors having five times current 
inrush when starting are called ‘‘line start^' motors. Motors which 
have six times current inrush are called standard squirrel-cage 
motors. Motors which take more than six times current inrush are 
called low-resistance squirrel-cage motors. 

Fig. 20 shows general torque speed curves of fl) standard type 
and (2) low inrush or high-torque squirrel-cage motors. 

The starting inrush current may be lowered by reducing the 
voltage across the motor; however, the starting torque varies with 
the square of the voltage. This is important to remember when 
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squirrel-cage motors are being started by reduced voltage starters. 
It is possible to reduce the voltage across the motor terminals by 
inserting resistance in the line and also by using a transformer. With 
the same voltage across the motor terminals, the current from the 
line is higher when a resistance type starter is used; with a trans- 
former type starter the current is lower. This is an important point 
to remember if power supply is limited. When power supply is 
limited, it may be advisable to use a transformer type starter, since 
the current taken from the line to start the load is smaller. How- 
ever, the voltage distur.bance will be greater and more sudden. If 
power lines are also carrying lighting loads, then a resistance type 
starter of either the step-by-step or the gradual type should be used. 
Gradual resistance type starters are of the compression type as 
shown in Fig. 21. 

In the selection of the motor, we will have to consider the 
efficiency of the drive. It will not always be possible, however, to 
select a motor of the highest efficiency. In many cases other con- 
siderations are of more importance. For instance, a slip-ring motor 
with speed regulation may be more economical to use than a single- 
speed motor, even though the drive is less efficient from an electrical 
standpoint, if by means of the speed regulation more and better 
production is obtained. 

An oversize motor, even though it has higher efficiency, will be 
uneconomical, if selected only to get sufficient starting torque. In 
case of group drives, a large motor will be uneconomical if all driven 
machines are not fully loaded. It may, however, be the best to use 
if installation cost, or reliability is of prime importance. From these 
examples it can be seen easily that it is necessary to study each ap- 
plication in order to arrive at the best selection of the motor and its 
control. 

For any motor application the starting cycle is of prime im- 
portance, especially in case of a squirrel-cage motor, since selection 
of the proper control equipment depends on it. After all, it should 
be realized that the control is the binding element between the driven 
machine and the motor and insures that the power is properly applied 
to the machine, giving it full function. 

In the selection of the control, consideration has to be given to 
how much responsibility shall be assumed by the machine operator 
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for proper operation. This factor will determine if control shall be 
manual, semiautomatic, or full automatic. 

If manual control is selected, all basic operations of the control, 
such as throwing in levers and closing switches, will be jierformed by 
hand. If automatic control is selected, the functions will be through 
the operation of push buttons or master switches. 

In general, if the function of the control apparatus is to start a 
motor wdiich runs in one direction, the control is called a motor 
starter, (^.ontrol apparatus uschI for other purposes, such as revers- 
ing, plugging, speed changing, and slowing down is referred to as a 
motor controller. 



Fiji 22 OinRiain 1<ii Mamitil Type 
Arross-the-Line Thiee- Phase Starter 

The same type of starter is for sinple-phase nuhietion motors, and terminals Li and 

Tt aie not used This type can also he used on two-phase tluee-v\iie molois, in winch terminals 
Lt and TS are the common wires lo both phases It the inotut is a tw'o-phase foui-lead 
motor, one lead of eueh phase is joined to teiminal T2. 


Manual Across-the-Lme Starters. The simplest form of 
squirrel-cage motor starter is the manual starter shown in Fig. 12, 
where the motor is started by connecting it directly across the line. 
Besides starting the motor, overload protection for constant-speed 
motors is obtained by thermal overload devices. This starter does 
not provide “no-voltage protection,” but this is not required with 
some driven machines such as fans, blowers, pumps, etc. These 
starters can be operated by means of buttons, as shown in Fig. 12, or 
by means of a hand lever. They are provided with two overload 
trips and, in case of an overload, they open the switch. In order to 
reset the overloads, the starter o])erating mechanism has to be 
brought into the “Off” position. This feature has to be incorporated 
so that it is impossible to hold the starter closed in case of an over- 
load. 
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Fig. 22 presents the connection diagram for this type of starter. 
The maximum horsepower for which these starters are built is 5 
horsepower, 220 volts and 7^^ horsepower, 440/550 volts. 

Reduced Voltage — Resistance Method. In case starting current 


suppty u^s 



Fig. 23. Connection Diagram of a Motoi Starter I’sing Manual Lever to Close the 
Staitmg Contact 

Final movement of the operating haiulle close*' the pick-up contact This establishes an 
electrical circuit fiom line Ll thiough the stop button on the cabinet to the overload trip con- 
tact Tl to r.'J, through the remote stoji button niross the pick-up unit to line L3 Current 
flowing through the contactor coil connects the supplv lines thiough the contactor directly to 
the three-phase motor I'he elohing of the contactor closc*s the lotk-in contacts so that the 
handle of the moloi starter can be retuined to the Off' position and the nmning switch will 
stay cIosc*d. Should an excessive current flow thiough eithei of the lines Tl or T3, the over- 
load contact 18 opened and tho motor is shut down the same as when the stop buttons are 
pressed On two-phase, thit*e-wure lines, and TS me the common wires to each phase of 
line and motor. Then the control wire ’ must be connected as showm by the dotted Line 
to the common line Lt. 


of the motor has to be limited because of power companies' limita- 
tions, or to protect the driven machine, or to prevent belt slippage, 
a starter which limits the current must be employed. Fig. 21 shows 
such a starter, which is of the compression resistance type, as pre- 
viously mentioned. Lifting the operating handle into the horizontal 
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position connects the motor to the line through the resistance. Fur- 
ther motion compresses the resistance, thus increasing the current 
through the motor. The last motion connects the motor to full-line 
voltage. The operating handle is then returned to the position. 
The electrical connections are described in Fig. 23. 



Fig. 24. Manual Type Starting Switch, Using Starting Transformer, Which Is Often 
Called "Starting Compensator" 

Moving the handle of the compensator to the start position moves the center row of 
contacts to the upper row. This connects the lines Ll, Lt, and hi to the autotransformer. 
Reduced voltage is obtained from the taps on the autotransformer to the motor. Moving the 
lever to the running position connects the movable contact directly to the line. The handle 
is held in the running position by a trigger catch, which can be released by the overload relay 
( OL) when the current to the motor exceeds the proper amount. 


Transformer Method, The transformer type of reduced voltage 
starter is commonly called ''Compensator.'^ In operating this type 
of starter, the operating handle is first thrown into the "Start" 
position. This connects the motor through the autotransformer to 
the line at reduced voltage, which, in turn, reduces the starting cur- 
rent. When the motor has attained sufficient speed, the handle is 
thrown into the running position. This operation disconnects the 
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motor from the autotransformer and then connects it directly across 
the line, Fig. 24. Throwing the handle from the ‘‘Start’^ into the 
^^Run^' position has to be done quickly in order to prevent a heavy 
current inrush. A mechanical locking arrangement which forces the 
operator to throw the handle into the ^‘Start” position first, then 
quickly into the “Run^' position, is often used. 

An autotransformer starter causes two distinct current inrushes, 
(1) when motor is first connected to the circuit and (2) when motor 
is disconnected from the transformer and connected to the full-line 
voltage. Power companies, therefore, are likely to prohibit the use 
of transformer type starters on their distribution lines which carry 
lighting loads. Resistance type starters do not offer these objec- 
tionable features. Autotransformer starters are provided with taps 
of 60, 65, and 80 per cent of line voltage. 

Star-Delta Method. There is one other method of reduced 
volt^e starting of squirrel-cage motors, namely, the Star-Delta 
connection. Motors employing this method have to be designed for 
it originally by bringing out six leads. It is little used in America 
and most requirements are for machines shipped to Europe, where 
this method is still employed. It can be applied only where the 
starting torque is low, since only 33 per cent of full-load torque 
is obtained at starting. Fig. 25 describes the connection on an 
automatic Star-Delta starter. 

Automatic Across-the-Line Starter. The simplest form of auto- 
matic squirrel-cage motor starter, is the across-the-line starter, and, 
as the name implies, the motor is connected directly to full voltage. 
These starters are built up to 300 horsepower, 220 volts and 600 
horsepower, 440/550 volts. Naturally the large sizes can be used 
only where sufficient power supply exists, such as will be found in 
the auto, chemical, and steel industries. These starters are simply 
magnetic contactors with overload protective devices, mounted in 
suitable enclosing cases and actuated from one or more start and 
stop push button stations. Such an across-the-line starter is illus- 
trated in Fig. 26. Pressing the start button causes the contactor 
to close and establishes a holding circuit by which the switch is re- 
tained closed after pressure on the start button has been released. 

Fig. 27 presents the diagram of connection for a three-phase 
and two-phase four-wire starter. Where the inrush current is limited 
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A.e.Lwes 



Fig. 25. Connection Diagram of an Automatic Star-Delta Starter 

Pressing the start button allows current to flow from Ll, through the overload trip con- 
tact and line contactor coil C to Cl, across the start button and through the stop button to CS 
and the other side of the lino L5. This closes the line contactor joining the main line Li, Lt, 
and L$ to the corresponding terminals Tl, T2, and T2 oC the motor. Also the lock-in contact 
LC connects the line contactor coil through CS to the stop button, thus holding the line con- 
tactors closed when the start button is released. At the same time that the current flows through 
the line contactor, coil C, there is a flow of current from line Ll through the interlock contacts 
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owing to power companies^ regulation or for protection of the driven 
machine, a btep of rc&ibtance is employed Such a staiter consists 
of two magnetic switches, one of which connects the motor to the 
line through the resistance when the start button is pressed A tim- 


TO MOTOR 



5HA0IN0 
COIL ■“ 


TO MOTOR.* 


PLUNGER 



Fig 26 Intenor and Extenor Views of a Solenoid-Operated Acroas-the-Line Starting 

Switch 


ing device is then j)ut into opeiation which energizes the second con- 
tactor connecting the motor to full-line voltage 

Riducid \ oltaq( Automatic i^taitcr Fig 28 shows such a 
smgle-stcp usistiinct staitci The^e starters aie also leferred to as 
two-})oint btaiteis fiist point when motor is connected to the line 
with the rcbistance in senes, second point when the resistance is 
shorted out 

Fig 29 jircMnts the diagiam of connection Automaticallv 


sc and DC tlu Mur contut r coil S timuifr rtla\ \ ^ ( t thr iiuh the “^tart 

and stop hult<n f<> LI Then is also a fl<m of turrent frt ni th unxr tenuin il of the star 
contactor coil to tin uip<r teiiuiiuil if th« tiiniui; ithu coil This cuisis th» st^ir contactor 
to close joining motor leads 7^ 7 5 and T(> This nlhms tlu mrtoi t stait ^clth Ihi motor 
winding connected in Star or V In this ccnmctioii cnich pirns* win ling of the mot >r buch 
as Tl and TA* rLrnvc»s about 58 per cent of the line \oltage betwenn line iviub // 12 or LS 
When the star contactor closes it opens the interlock SC so that there is no circuit through the 
coil D of the delta contactor 

Current flowing thiough the timing nlay coil will swing the hinged contacts fiom the 
light to the left Ihua opening the circuit tlmiugh the star contactor coil S! This allows the 
star contactor and inteihck to ictiirn to tim position shown m thc^ di igrarn thus opening the 
motor leads T4 TB and TB Likewise the interlock below tht stir contuitor is closed the 
timing relay has made connection and a compkU circuit is established thiouih the delta 
contaetor, coil D The flow of current is from hire 1 1 through the inteiloek SC below the star 
contactor the delta contactor toil D and lower terminal of the interlock DH through the 
left-hand blade of the liming relay to Cl through tlu lock in contacts I C whieh arc now 
closed, terminal CS through the stop button to n and line When the delta contactor 
closes the interlock DC opens and holding contaets. DH close This interlock DC pre\*ents 
current flowing through the» star contactor coil and opens the eircuit through the timing relay 
eoil allowing the relay to leturn the upper contacts to the position sliown in the diagram The 
delta contactor is held closed b\ the nght-hand intcrle;‘ck DH 

The closing of the delta contactor eonmets motor lead T6 to Tl also T4 to T2 and T5 to 
TS This connects the motor windings in delta Then the motor windings rectiee full-line 
voltage. 
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Muttf UNts j-mucr unt$ 



Fig. 27. Connection Diapram for a Throf»-Pha*5<» and Tvvo-Phnst- T'our-Wire Motor Starter, 
Whuh Conmds the Motor Diu<th Ac loss the Line 

For a single-phase across-tlu -line uitoinatu sturUi onut lint virt»s and motor lends L2 
and T2 For a two-ph lae throe- wire svstem omit line L4 and join motor lead T4 to terminal 
T2 Line L2 is the common lead in a two-phase three-wire h>stem Tl and T4 is one phase 
of the motor and T2 and TS the other phase 

Instead of push button switches a two-wno control device, such as a thermostat, float 
switch, or preasuie switch induatod at (A), is connected to teimmals Cl and CS No con- 
nection IS made to terminal C2 

When it 18 desired to use tw'o or more push buttons the connection to these buttons is 
shown m the bottom part at (B) The three terminals, Cl, C2 and CS are joined to the 
correspondingly numbered terminals to which the firbt push button is connected 



Fig. 28 Single-Step Eesiitance Starter 

262 




ALTERNATING-CURRENT MOTOR STARTERS 25 


MUfnruMtt 



Fig. 29. Diagram of Ona-Step Resistance Starter with Squirrel -Cage Motor 
( Automatic Sta r tor ) 

Pressing the push button marked “Start" causes current to flow from line Ll, through 
line A, to the overload relay contact Tl, across the running switch inteilock RC to the upper 
terminal of the starting switch contactor coil. Here it flows through both the timing relay 
and starting switch contactor coil to Cl, through the start and stop button, overload relay 
contact C5. through the safety cut-out to line LS. This closes the starting switch contactor, 
allowing current to flow through the resistors and overload relays Tl and T5 to the motor. 
When the starting switch contactor operates, the lock-in contacta Cl are joined, thus holding 
the circuit of the starting switch contactor coil through the stop button so the start push 
button can be released. After a certain delay interval the timing relay operates, joining the 
two contacts. This provides a flow of current from hi, wire .4, through the overload relay 
contact Tl, through the running switch contactor coil, to the timing relay contact, then con- 
tact Cf to the stop button, contact C5 and line LZ. Current flowing through the running 
switch contactor coil closes the running switch, connecting Ll, Lt, and LZ directly to the motor 
terminals Tl, Tt, and 7*5 without any resistance in the circuit. At the same time the lock-in 
contact RC opens and CS closes, connecting the running switch contactor coil directly to the 
stop button and the oilier side of the line. The opening of the locJc-in contactor RC interrupts 
the flow of current through the starting switch contactor coil and timing relay, allowing them to 
return to the "Off" position. The opening of the starting switch opens the lock-in contactor Cl, 

operated transformer-type starters operate on the same principle 
as described in connection with manual compensators, except that 
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the closing of the starting and running circuits is performed by 
magnetic switches upon operation of the start button. Fig. 30 shows 
an automatic transformer type starter for low-voltage motors. 



? ig 30 Automatic Transfonnei Tsrpe 
Starter 



1 ig 31. An Across -the- Line Stuitn with .i Plum Disconnect Switch 


Starters jor Special Conditions. For simpler and often better 
installation, across- the-line starters are combined with fused or un- 
fused disconnect switches and also with circuit breakers. These 
starters are known as combination starters. Fig. 31 shows such a 
starter having a plain disconnect switch. 
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Fig. 32 shows a starter witli line switch and fuses, and Fig. 33 
an across-the-line starter with circuit breaker. Fig. 34, shows the 
outside view of a water-tight combination starter. 

Modern starters use front-operating handles for the operation 



Fir 62 SoI( 

Starter with Line S\Mtrh 
and l<us(.s 




Fir 33 Aoross-the-T^ine Starter with 
Pirtuif Breaker 


Fig 34 W'lter-tight 
Cbiiibiniitioii Sf irtei 



Fig 35 Air Break Explosion -proof Aoross-the line <tnrti i 


of the disconnect Switch. Across- the-liiie starters and combination 
starters are mounted in different type^ of enclosures such as dust- 
tight, water-tight and explosion-proof types, depending upon con- 
ditions of installation. 
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Fig. 35 shows an air break explosion-proof across-the-line 
starter. A heavy cast-iron enclosure is used to withstand the 
pressure in case of an internal gas explosion. Machined joints are 
provided between box and cover so that burning gases cannot escape 
from the enclosure. 

For certain industries it is necessary to use oil-immersed switch- 
ing equipment in order to prevent the effect of corrosive gases on the 
starter mechanism. Fig. 36 shows such an oil-immersed starter. In 
order to inspect the starter the oil tank has to be lowered. 



Fig 36 ()il-imiiu*rse<l Marti I 


Across-the-line squirrel-cagc motor starters are also used in 
connection with high voltage motors up to 4,800 volts. An oil- 
immersed switch IS used to connect the motor to the line and current 
transformers are provided for the overload relays. The oil- 
immersed switch is operated by a magnet. Since the coil current is 
rather high, an operating relay is used, so that the push button and 
overload relay contacts need to handle only the small relay coil 
current. This feature is also employed in low-tension control where 
larger size magnetic switches are involved. 

Fig. 37 shows a high tension across-the-line motor starter. 

Some machines, such as washing machines, machine tools, and 
bending rolls require reversing. This can be accomplished elec- 
trically by reversing two lines to the motor. Fig. 38 presents the 
diagram of connection of an across-the-line reversing starter. A 
three-button station marked *Tor.” (forward), ‘^Rev.” (reverse), 
and *‘Stop^' is used for the operation. Pressing the “Forward” 
button connects the motor in one direction ; pressing the “Reverse” 
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button reverses two lines and causes the motor to operate in the 
opposite direction. Operating the “Stop” button brings the motor 
to a stop. 

Fig. 39 shows such an across-the-line reversing switch. The 
switches are mechanically interlocked, so that only one switch can 
close at one time. 


y 



Fig 37. High-Tension Acros.s-thc-Lino Starter 

A reversing switch is also used to bring a machine to a quick 
stop by “plugging” the motor. In that case the reverse button 
control circuit is so arranged that the magnetic switch will drop out 
as soon as the button is released. This feature is used in connection 
with machine tools. Reversing switches are provided in different 
types of enclosures and, at times, combined with line disconnect 
switches. 
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Magnetic controllers consist of an assembly of magnetic 
switches and relays, for establishing proper sequence for machine 
operation, which have a number of motors driving the different 
motions. 


j-PHAse uNes 



Fig. 38. Connection Diagram for an Across- the- Lino Ilevorsing Starter for a Tliree- Phase 

Squirrel -Cage Motor 

Pressing the For. (forward) button causes a flow of cuirenl from Ll through contaits 
of overload relay Tl, reverse control interlock contact RC, through foiward contiol interlock 
FC, through the forward contactor coil, wire B, to terminal Cl, through forwaid, leverse, and 
stop push buttons, oveiload relay contact C5 to line LS This closes the forviard contactor, 
allowing cuirent to flow from the thiec-phase line into the motor When the foiward toiitactor 
closes, the interlock Cl-CS closes and the re\erse control interlock HC opens so that the 
reversing switch cannot close until the forward contactor opeas. When it is dt'sired to reverse 
the motor, pressing the stop button will return the forward contactor and interlock to the 
position shown. Then the reversing button cun be pressed and curient will flow from line Li, 
through overload contact Tl, through interlock RC, through leversmg contactor coil, wire C, 
through the reversing, forwaid, and stop push buttons, oveiload contacts C6 to the other 
side of the line. This closes the reversing contactor, which at the same time closes the interlocks, 
CS and C 4 , so that the reversing push button can be released and the contactor held closed 
Also the interlock on the forwaid contactor control circuit FC is opened. 


Fig. 40 shows a controller for a machine tool. These controllers 
are operated by push buttons or master switches and limit switches. 
Timing relays have often to be employed to complete the cycle of 
operation. They may be arranged to go through one cycle when the 
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“Start” button is pressed, or they may go through repeated cycles 
once the “Start” button is operated. Reversing, plugging, and 
positioning cycles may be incorporated where required. 



! 39 A<ioss-th< -1 im* UoveisinK Suit! h 



Fig. 40. Push Button-operated Machine-Tool Controller 


Slip-Ring Motors. The difference between the squirrel-cage 
motor and a slii)-ring motor rests in the winding of the rotor. 
Whereas the first has a rotor winding consisting of bars connected 
at the ends by copper rings, the latter has a winding consisting of 
short-circuited coils corresponding to the number of poles on the 
stator winding. Each coil or set of coils is brought to a slip ring 
on the motor shaft. Since coils are used on the rotor, the slip-ring 
motor is also referred to as a ^'Wound-Rotor Motor.” 
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Slip-ring motors are started by inserting resistance in the 
secondary winding which is the rotor circuit. The value of the 
starting circuit is governed by the desired starting torque and the 
losses occurring during starting period. The larger the starting 
current tlie shorter the starting time required for a given load. 

By changing the resistance in the rotor circuit, any desired 
torque which the motor can develop between standstill and full 
speed can be obtained. Every slip-ring motor has a maximum 



Fig 41 Torque Cur\e of n Three- Phase 
W ounri-Uotor I»<hi(tum Motor 


torque, which occurs at a certain current value. Increasing the 
current beyond this inaxiiiium torque value reduces the starting 
torque and is of no value. 

Fig. 41 shows the performance curve of a slip-ring motor, and 
it should be noted that maximum torque occurs between 200 to 300 
per cent current. 

To determine the secondary current, the following formula can 
be used: 


o, j hp. X 746 

Secondary amp. = — ziz ^ 

V 3 X open volts between rings 


A slip-ring motor cannot be thrown across the line, and for 
starting it is necessary to insert resistance into the rotor circuit in 
order to get sufficient starting torque. This is brought out in Fig. 41. 
For smaller motors one to two steps of resistance are sufficient. For 
larger motors additional steps may be required to eliminate too 
large current inrushes. 

The main applications for slip-ring motors are found where 
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speed control is wanted or where high starting torques must be 
obtained with a minimum of current from the line. In connection 
with punch and drawing presses they provide the high slip necessary 
for the flywheel to release its stored energy and to obtain quick 
acceleration of the press following the power stroke. In such 
application a step of resistance is permanently inserted in the 
secondary motor circuit. 

Manual slip-ring control consists of a primary switch and a 



Fig. 42. Face Plate Type Starter with Magnetic 
Primary Sw'itch 


secondary short-circuiting switch. The resistance can be con- 
trolled either by a face plate control, a drum controller, or a carbon 
compression resistor. 

Fig. 42 shows a face plate type starter with magnetic primary 
switch. Moving the operating handle brings in the primary switch, 
which has two overload relays for motor protection. Further motion 
cuts out the resistance and in the end position the rotor is short- 
circuited and motor runs full speed. 

Fig. 43 illustrates a slip-ring drum controller. A magnetic pri- 
mary switch, which is energized by pilot contacts in the drum, can 
be used, or the primary control switch may be built right in with 
the drum controller, Fig. 44. In the latter case some outside switch 
must be provided if no voltage and overload protection is required. 
Arc shields are provided between the primary switch contacts. 
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Fig. 43. Drum CSontroller 
for Wound-Rotor Induc- 
tion Motoi 
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Fig 44. Wound-Rotor 
Induction Motor Con- 
troller with Primary 
itrh Control 



Fig. 45. Compression Resistor Slip-Ring 
Motor Starter 
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Fig. 45 shows a compression resistor slip-ring motor starter. 
Lifting the operating handle to the horizontal position connects the 
primary; further motion compresses the resistance, accelerating the 
motor. The last motion energizes the secondary short-circuiting 



Fig 46 Multii<tep Automatic Slip-Ring Motor 
Starter 


switch. This type of starter is of the semiautomatic type, since the 
actual closing of the switches is accomplished by magnetic contactors. 

Automatic Starters for Slip-Ring Motors. Full automatic slip- 
ring motor starters are provided where the actual starting-stopping 
is accomplished by push button or pilot devices, such as float 
switches, pressure switches, or thermostats. 

Fig. 46 shows a multistep aui;omatic slip-ring motor starter, 
consisting of a primary contactor and several resistance short- 
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Fig. 47. Single Step of Resistance Automatic Starter with Three-Phase Wound-Rotor Induction 

Motor 

A wound-rotor induction motor is started by inserting resistance in the rotor circuit and 
connecting the primary directly to the line wires of the circuit. Pressing the start button 
causes a flow of current from Li through the left-hand overload relay contacts, the primary 
switch contactor coil 1, through the right-hand overload relay contact, through C5, the stop 
and the start button, Cl, to line L$. When the primary switch closes, connection is established 
through the stop button Ct and the two contacts on the primary switch to terminal L9, thus 
holding the primary switch contactor closed when the start button is released. This starts 
the wound -rotor induction motor with all the resistance in the rotor circuit. One end of each 
resistor is joined, forming a Star or Y-connection at 5 from the slip-ring or rotor leads 
Mi, Me, and MS, 

When a two-wire control is desired, such as a float switch thermostatic control, etc., con- 
nect switch 7 as indicated by dotted line. 

When the primary switdh contactors close they establish a circuit through a tinning relay. 
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circuiting contactors. Acceleration is by time-limit relays. The 
resistance is shorted in steps at definite time intervals as motor 
comes up to speed. 

For smaller slip-ring motors one step of resistance is often 
sufficient, chiefly where this motor is used primarily to get sufficient 
starting torque. The resistance is then adjusted for maximum 
torque value. Fig. 47 presents the diagram of connection for a 
single-step slip-ring motor starter, using an adjustable compression 
resistor. 

Synchronous Motors. The synchronous motor is an alternating 
current generator in which the functions are reversed. This type 



Fig, 48. Diagram Illustrating thp Pull-Out 
Point of a Synrhronous Motor 


of motor, in its principle, is not self-starting, and special means 
must be provided to bring the motor up to nearly synchronous 
speed before it can be connected to the line. This is accomplished 
by external means, by the use of a starting motor, or, electrically, 
by the use of a “damper^^ winding, or by providing the rotor with 
an additional squirrel-cagc winding. The stator receives an alter- 
nating-current winding and the rotor a direct-current winding. The 
speed of the motor is directly proportional to the frequency of the 
power system and remains constant as long as the frequency of the 
power system does not change. 

By changing the direct current excitation by means of a regu- 
lating rheostat, the current taken from the line can be changed. An 
over-excitation is followed by a ^‘leading” current. This is made 
use of in connection with power-factor correction. It is one of the 

cx>n 6, When the timing relay operates there is a flow of current from Ll through the secondary 
switch contactor, coil t, through the timing relay contact, through the contact at the* secondary 
switch and primary switch to line LS. When the secondary switch closes th<* center and lower 
contacts at the right are joined and the center and upper contacts are opened. This connects 
the contactor coil of the secondary switch t through LS and opens ^e circuit through a 
timing relay, allowing it to return to the position shown in the diagram. 


275 




38 ALTERNATING-CURRENT MOTOR STARTERS 


main reasons for the use of synchronous motors and is much pre- 
ferred by power companies, particularly where large motors are 
involved. 

Fig. 48 shows the angle A which determines the power that the 
motor can exert without falling out of stop with the power system. 
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VifS 49 Lo\\“VultdK« Auto- 
^>^nuti( Aciovs-th<*-Ium' ^\n- 
chioiious Motor Stuitir 

If the load gets too great the flux will rupture and the machine will 
fall out of step. 

The magnetic flux can be compared to rubber bands pulling 
the rotor along; an increase in the load increases their stretch. 
These rubber bands have the tendency to bring the rotor back until 
the load increases to such a value that the bands ''break.^' The 
“pull-in torque^^ can be likened to the pull that these bands can exert 
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on the rotor and the “pull-out torque,” to the pull required to break 
the rubber bands. 

Starting Devices. The starting of a synchronous motor is 
somewhat complicated, since torque can be developed only after 
the motor is up to synchronous speed. For that reason, as mentioned 
above, damper windings or a squirrel-cage b inding on the rotor is 



Fig 50. High-Teiiiiion Sjndiioiiou^ Motor Starter 

provided. In the latter case the motor starts like a squirrel-cage 
motor and when up to speed, the direct current excitation is provided 
which pulls the motor into synchronous speed. 

Fig. 49 shows a low-voltage automatic across-the-line syn- 
chronous motor starter, consisting of the line switch, which connects 
the stator *to the line, the field switch, the timing relay, which con- 
nects the direct-current field to the motor after a predetermined time, 
and a field rheostat for adjusting the direct-current excitation. Two 
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ammeters are provided, one in the line circuit and one in the field cir- 
cuit to provide means to adjust the direct-current field for best per- 
formance. 

Fig. 50 shows a high-tension synchronous motor starter. The 
motor-starting oil switch current transformer and voltage trans- 
formers are in back of the panel. All equipment on the front of 
the panel is low tension, consisting of the ammeters, operating mag- 
net, overload relays, timing relay, and automatic field switch. 

Autotransformer type and primary resistance type starters are 



Fig 51. Magnetic ilelay with 
Oil Dashpot 


also used. These are similar to those used for squirrel-cage induc- 
tion motors where current from the line has to be limited or where 
starting of the driven machine has to be gradual. 

Motor Protection. Overload protection for motors is an im- 
portant function of the starting equipment. Two fundamental types 
are used. The magnetic relay is a coil through which the motor 
current flows, producing a pull on a core to which a dashpot piston 
is attached. If the current rises above the value for which the 
overload relay has been adjusted, the core starts to pull up against 
the dashing action and, after a certain time, the contacts are 
opened, de-energizing the starter holding coil, causing the starter to 
shut down the motor. The time lag is provided so that the relay will 
not trip on momentary current peaks or during the starting period. 
Fig. 51 shows a cross section through a magnetic relay with oil 
dashpot. 
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The second type of overload protection is the thermal relay, 
which today is the most widely used^jadtor protection. Its function 
depends on the heating produced on a resistance element by the 
motor current. After a certain temperature has been attained due 
to an overload on the motor, a solder melts, allowing a ratchet to 
turn and oi^ening the relay contacts (solderpot relay) ; or a bi-metal 
thermostat is flexed suiSciently to open the relay contacts. Natu- 
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Line 
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Element IF 


Heater 
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I — Relay Connections to 
Magnetic Circuit 


Soldered 

Ratchet 
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Fig 52 Tiitiinal Overload Relav Closed. 
Dotted Luiea at A and B bhov, Open Position 



Fig 53 Magnetic Induction Type of 
Themial Oveiload Relay 


rally the higher the current, the quicker the heating will take place 
and the sooner the relay will trip. Fig. 52 shows a thermal relay 
where the heating is obtained by means of a heater element. 

Fig. 53 shows a thermal relay where the heating is obtained by 
induction, A copper sleeve is used which forms the secondary 
winding; to this sleeve a ratchet wheel is soldered which will turn to 
allow the contacts to open when the solder melts. The motor 
current flows through the relay coils. 

Automatic and manual reset overload (O.L.) relays are used. 
It should be remembered that for two- wire control, such as pressure 
switches, float switches, hand reset overload relays must be used 
as, in case of an overload, the equipment will cycle, doing damage to 
both motor and control. 

/ No-voltage release is another important function of the motor 
CTOtrol, mainly in connection with three-wire, and in case the voltage 
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fails. This feature prevents accidental starting of the motor 
when voltage returns and protects men and driven machines. 
Where automatic and semiautomatic control is being used, it is 
inherent with the magnetic contactors. For manual starters it is 
provided for by means of no-voltage release magnets, which hold the 



Operation 


control arm up directly or employ a latch which, in turn, is mag- 
netically held. 

Fuses cannot be used for motor overload protection, except in 
connection with small motors which can come up to speed almost 
instantly. Fuses which, to provide motor protection, may not be 
larger than 125 per cent full-load current would blow in starting. 
Fuses in motor control are for short-circuit protection only. 
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There are manual motor starters which have a double throw 
switching arrangement, where the fuses are not in the circuit during 
starting and are only in the circuit after the switch has been thrown 
into the running position. Starters of this type are seldom used 
nowadays. 

The National Electrical Code specifies the size of fuses to be 
used in motor circuits. For standard squirrel-cage motors the size 
of fuse is 300 to 400 per cent of the full-load motor current. When 
circuit breakers are used in connection with motor circuits, they 
should be of the instantaneous trip type, set for 9 to 10 times full-load 
motor current. Time lag breakers will not provide protection to 
the control equipment. 

Fig. 54 shows time-current characteristics of some common 
protection devices and plainly shows that the ordinary fuse cannot 
protect a motor. 

Contacts and contact material play an important part in motor 
controls. The sliding contacts, such as are used in connection with 
drum and face plate type controllers, are limited to their switching 
ability and require a certain amount of servicing to keep them in 
good condition. Where copper is used for contact material, the 
rolling type is used universally. The rolling motion provides that 
the contact shall roll away from the point where it is first made to 
a point which has not been burned. Due to the fact that this type 
of contact has also a slight sliding motion, self-cleaning is effected. 
Nevertheless copper contacts will in time build up an oxide which 
produces high contact resistance and must be cleaned off to prevent 
contact trouble. 

In late years silver contacts have been used with great success. 
These contacts have the unique advantage that they never have to 
be cleaned, since silver oxide is a conductor. For some classes of 
motor controls carbon-to-carbon or carbon-to-copper contacts are 
used. Such contacts are found primarily in connection with elevator 
controls; the reason is that they positively prevent the welding of 
contacts and therefore constitute a safety measure. These types of 
contacts have a rather short life and can be used only in intermittent 
service on account of the high contact resistance, which would over- 
heat the contacts in continuous service. 
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Definitions. The National Ellectrie Manufaeturers Association 
(NEMA) defines a starter as “a controller dc'si^ned for accelerating a 
motor to normal speed in one direction/’ More specificall\ , it is a 
device for starting and stopping a motor and ma} pro\ide the addi- 
tional functions of prott'cting the motor against overload and no- 
voltage conditions. A starter is sliown in Fig. 1. 

A controller NEMA defines as ‘'a device or group of de\ ices which 
serve to govern in some predetermined manner electric power de- 



livered to the apparatus to which it is connected.” In other words, it 
performs a number of many possible functions such as starting, stop- 
ping, accelerating, decelerating, reversing, speed regulating, and 
plugging or dynamic braking. It also protects the motor against 
overload and against voltage failure. Exterior and interior views of a 
speed regulator are shov/n in Fig. 2. 
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Classification of Controllers. Controllers, like starters, may be 
divided into three principal classifications: (1) manual; (2) automatic 
or power operated ; and {^) semiautomatic or combined manual and 
power operated. Manual controllers are operated by hand and the 
functions are directly under control of the operator. Automatic 
controllers are power operated and all of their functions are per- 
formed by electrical or electro-mechanical means. On semi-auto- 
matic controllers, some functions are performed manually and some 
automatically. 

Manual and semiautomatic controllers are usually employed on 
applications requiring only a few simple functions such as starting. 




Fif?. 2. Exterior and Interior Views of a Manual Speed HeKuIator for a Slip-Ring 
IndiK'tion Motor 


reversing and stopping; or starting, speed changing and stopping. 
Manual controllers are usually one of the following: Face plate, mul- 
tiple switch, cam-operated conta(*ts, or drum t;s'pe. These in turn ma\’ 
be used in combination with magnetic starters or contactors to pro- 
vide semiautomatic operation. 

Automatic controllers are usually considerably more expensive 
than the other two types, but because they provide more accurate and 
dependable operation they are usually preferred despite the higher 
cost. On many industrial applications wherein the functions must 
occur precisely according to some predetermined sequence or in ac- 
cordance with changing demands, automatic controllers are indis- 
pensable. The operations are accomplished by means of various pilot 
control devices such as push buttons, limit switches, timing relays, 
control relays, pressure switches, float switches, or temperature 
controls. 
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Types of Motors, With respect to speed characteristics, A.C. 
motors may be divided into three principal classifications: (J^<jonstant 
speed; (2) adjiistable speed; an*! (3) nuiltiftpecHl. 

. ConstaiU-spcf d Motors, The constant-speed motors are squirrel- 
cage induction, repulsion induction^ split-phase, shaded-pole, and 
syn(‘hronous motors. Three of th(\se types are shown in Fig. 3. The 
speed of these motors is not adjustable and therefon* they are not 
used for operations which require s])(‘ed regulation. l)espit(‘ its con- 
stant-speed characteristic, however, tlie squirrel-cage induction 
motor, because of its simplicity, rugged ness and low cost mainte- 
nance, is more wideh us(‘d than an> other type of motor. Wlien used 



Fig 3 Left HepulRioii Induction Motor, Center Stiuirrel-Cage Motor and Kight, Syn- 

chionous iMotoi 


singly, its control consists inainl> of starting, n*\crsing, and stopping. 
On many applications a number of these motors of various speed 
ratings may be used to perform a multiplicity of conqdex operations, 
and accurate and dependable automatic controllers are required. 

Adjustable-speed Motors. The adjustable-speed motors are slip- 
ring or wound-rotor induction, repulsion, series, and universal. The 
last three are usually built in small sizes for driving fans, household 
appliances and small machines, and the control functions consist 
mainly of starting and stopping by manual starters. If speed regu- 
lation is required, it is obtained by connecting a variable resistance or 
rheostat in series with the motor. 

The wound-rotor induction motors shown in Fig. 4, is used for 
industrial operations requiring a high starting torque with a low 
starting current, or requiring speed regulation, or both. Examples of 
these applications are cranes, hoists, conveyor systems, blowers, 
pumps, and printing presses. The speed of the motor is adjusted or 
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regulated by using a controller having resistances in series with each 
of the three rotor windings. The controller may also be designed to 
provide additional functions such as reversing, braking, and plugging 
or quick stopping. 

Multispeed Motors, Multispeed motors are squirrel-cage induc- 
tion motors having stators which are wound with one or more windings 
to provide \arious speed torque characteristics. The windings may 
be designed with constant torque characteristics so that the torque is 
the same for all speeds, \ ariable torque so that the torque decreases 


CO' 



iig. 4. Stator (Left) and Rotor of Wound-Rotor Induction Motor 


with the speed, or constant horsef)ower so that the horsepower output 
is constant for all speeds. In the latter case the torque increases as 
the speed decreases. • 

On A.C. motors the speed of squirrel-cage induction motors can 
be changed by changing the frequency of supply or the number of 
poles on the motor. Because of the high cost of frequency changing 
equipment, the most practical method of changing the speed is to 
change the number of poles on the stator. This is accomplished by 
employing multispeed motors with multiple windings on the stator 
and using controllers which will make the necessary changes in the 
connection of the windings. 

In recent years multispeed motors have become very popular for 
use in air conditioning, production processes, machine tool control, 
and other applications which require only two, three, or four different 
fixed speeds. The various types of controls for these and for wound- 
rotor induction motors will be described in the following pages. 
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MULTISPEED MOTOR CONTROLLERS 

Manual Controllers. Manually oi)erated controllers for 
multispeed motors are principally of thf' drum-type construction 
with variations in the mechanics employed in closing the contacts. In 
general, a drum controller (Fig. 5) consists of a cylinder or sector 
mounted on an insulated central nhafi, to the end of which is attached 
an operating handle by means of which the c\ Under or sector can be 
rotated. Attached to the periphery of the cylinder and insulated from 
each other arc copper contact's or ^(qmtots (Fig. (>) against which 



Fir. 5. Interior View of a Drum (^ontrollei 1 iR (» Detail of S«Rinpii( mid Fingei of 

( ’ontrollei 


stationary contacts, in tlie form of fingers mounted on an insulated 
steel support or fingtT board, are held b\ spring pressure when 
brought together b> rotating the handle. To provide the required 
switching sequence, connections between the rotating contacts and 
the stationary contacts are made by means of c<5pper straps or 
wire (not shown). 

Positioning for the different speeds for both directions of rotation 
of the motor is accomplished by means of a roller cam lever attached 
to the frame of drum controller and a star wheel on the cylinder 
shaft. The roller of the lever engages notches of the star wheel. Fig. 5, 
and is held firmly in position by spring tension on the lever. 

Drum Switches. Drum controllers (or switches) in a variety of 
designs for multispeed motors are shown in Fig. 7 and give a general 
idea of the structure of these devices. 
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The controllers, shown in Fig. 7, more commonly called drum 
switches, are cam operated and differ somewhat from the general 
description given in the preceding paragraphs. In this type of con- 



fA) CB) (C) (D) CE) CF) CG> 

Kig 7. CJroup of (V)iit rollers for Motors up to Two Horsepower {A) Koiir-Hpeed Consequeut-Pole 
Nonrcveising, (li) Thiee-Spoed Conse(iueut-Pole Noinevetsing, (C) Four-Speed Separate ^Vinding 
Nonreversmg, {D) Iwo-Speed ( 'onaot]uent-Pole Heveising {K) D C -Single-Phase and Pol\ phase 
Single-Speed Ileversing (F) Iwo-Speod Sepaiale Winding Nonreveising {(! and /J) Single Speed 

Single-Phase Heveising 

('ourtf'<u of MUn ( ftmjmvif Milunu/(f \\ laronnn 

troller the (*ircuit betw^een tlie stationary contacts is made by a 
beryllium-(*opf><*r spring contact. Fig. 8. One end of this contact is 
fixed permanently on one of the contacts and the other end is free to 
be moved against tlie other stationary contact. The actuating member 


STATIONARY 



Fig 8. Detail of Cam and Insulating Support Plate 

in this case, instead of being a rotating cylinder, is a series of cams of 
insulating material assembled in fixed positions on the shaft. When 
the shaft is rotated, the cams act on the spring contacts to complete 
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the circuit between each pair of stationary contacts. A better idea of 
the construction of the switch can be obtained from the schematic 
diagram shown in Fig. 9 which is for the dniw switch (D), Fig. 7. 

These drum switches are used for controlling small D.C. motors 
and small single-phase and polyphase A.C. motors. For D.C., single- 
phase, and single-speed squirrel-cage A.C. motors they are used 
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ON SHAFT CNOT SHOWN) IN FIXED 
POSITIONS AS SHOWN. 


Fik 9 Si'henrnfic* Diugrum of a Two-'^peed Variable or Constant-Torque Conuequent -i*ole 

Revet sing Drum Switch 


principally for reversing service. For multispeed motors they are 
used for two-, three*- and four-speed motors. 

The schematic diagram of connections for a two-speed variable or 
constant-torque reversing motor and controller is shown in Fig. 9, and the 
operation may be explained as follows: When the lever is moved to the 
forward (FOR,) position 1, or low speed, the cams all rotate 30 degrees 
clockwise. Cam 4 closes the contacts on its right to make connections 
between Li and Ti; earn 3 closes the contacts on its left to make 
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connections between L 2 and T 2 ; and cam 6 closes the contacts on its 
right to make connections between L 3 and Tz» When the lever is 
moved to forward 2 position, or high speed, the cams rotate another 
30 degrees to make the connections shown in the sequence table. In a 
similar manner, when the lever is moved to positions Jf or in the 
reverse (REV.) direction, the connections are made as tabulated, with 


.A 


-FORWARD 


kEVERS^j|j(; 


FIQRWARD- 






SPRING— 
UUG$ 




INSUUATION 


ONTACTS 
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TIPS 


lug: 
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riNGLR 


IlN 


^ BARRIER 
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Fig. 10. Hand-Operated aeverBing Drum Fig 11. Bope-Oppiuted Reversing Dium 

Switch Equipped with Aic Baineis for Use Switch Equipped with J^rc Barriers for Use 

on Five-Horsepower, 220-Volt Single-Speed on Five llotsepowei 220-^ olt Single- 

Squirrel-Cage Motor Speed Stiuiiiel-Cage Moloi 

Courtesy of AUen-Bradley Covifmny, Mihiauket , Wisftmsw 


two of the lines to the motor being rc\ ersed to reverse the direction of 
rotation of the motor. 

It will be noted that each one of the six cams is of a difl'erent 
structure. Many other constructions are available and, by using the 
required combinations of cams properly interconnected, an almost 
unlimited variety of switching sequences may be arranged. Any 
number of cams and contacts may be assembled into a unit, the 
number being limited only by the mechanical strength and satisfactory 
operation of the switch. 

These drum switches are also designed for use as meter-reading 
switches, single and multipole transfer switches, and master control 
switches. Master control switches can be arranged to obtain almost 
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any sequence of pilot control that may be desired so as to perform 
operations which would otherwise require a complicated and cumber- 
some combination of push buttons and control stations. 

Another type of controller which is similar in operation to the 
one just described is a cam-operated controller in which the contacts 
are assembled to operate in groups, much like magnetic contactors 
having one or more poles. The operating mechanism consists of a 
cam, roller lever, and spring arrangement which produces a snap 



Fir. 12. Connection DiaKuims for Reversing Dnim Switch for {A) Three-PhnBe, (B) Two- 
Phase, (C) Direct-Current Motors 


action motion and provides quick action and positive opening and 
closing of the contacts. Because of this snap action feature, this type 
of controller is designed to control larger motors up to 30 h.p. 

y Controllers with Sliding Contacts. Controllers with sliding con- 
tacts are shown in Figs. 10 and 11; diagrams for drum switch connec- 
tions to two-types of A.C. motors are shown in Fig. 12 at (A) and {B ) ; 
diagram for drum switch connections to a D.C. motor i& shown in 
Fig. 12 at (C) . These switches are designed primarily to reverse the 
rotation of D.C. and single-speed A.C. motors, and the switching 
sequence is obtained in the following manner: In Fig. 12 at (A) , when 
the lever is moved clockwise to forward position, the segments on the 
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cylinder (indicated by small rectangles) move left to bridge contact 
fingers 1 and 3 (shown by circles) to complete the circuit from line 
terminal Li to motor terminal Ti; fingers 5 and 6 close circuit L 2 to 
T 2 ] and fingers 3 and 4 close circuit L3 to Ts. When the lever is 
moved counterclockwise to the reverse position, the segments on the 
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Courtesy of Hlen-liradley Company, Miluauket Wtstonsin 


cylinder move right and bridge fingers 1 and .9 and 4^ y-nd 5 and 6 to 
reverse the direction of rotation of the motor. 

The circuits may be traced in diagrams (B) and (C) of Fig. 12, by 
the same method. In a 2-phase, 4-wire reversing drum switch, one 
line wire of the phase that is not reversed is connected directly to the 
motor. This is illustrated in (B) of Fig. 12 by the line L2 — T 2 - 

The co?ttrolIerfi shown in Figs. 13 and 14 are multispeed controllers 
of the sliding contact type. Fig. 13 shows a type having a rotating 
cylinder. It is used for motors up to 15 h.p. Fig. 14, shows a structure 
in which the rotating member consists of contacts attached to insulated 
supports fixed to three spiders which are mounted on an insulated 
shaft, (These spiders are clamps having several arms.) This type is 
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built in sizes to control motors up to 150 h.p. In both of these types 
the circuits are closed by rotating the cylindrical members so as to 
bring the movable contacts in contact with the stationary or 
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contacts, by a sliding action. Proper contact pressure is maintained 
by means of springs on the stationary fingers. The developed diagram 
of the controller in Fig. 15 shows connections to a magnetic starter and 
a table showing the connections made to the motor for various posi- 
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tions of the controller lever. When a magnetic starter is not used, 
connect supply lines direct to terminals 3, 9, 19 y on drum switch and 
disregard all pilot control connections. 

Tracing Circuits. The switching sequence as tabulated can be 
traced as follows: When the operating lever is placed in the first speed 
forward position the row of segments (small rectangles) {F)-l at the 
right, make contact with certain fingers (small circles) in the row 
marked with odd numbers. When cylinder is positioned and contacts 
are made, the start button is pressed to close the magnetic starter. 
When the button is released the magnetic starter is held closed over 
its auxiliary contacts C 1 -C 2 and over drum-pilot contacts The 

circuit for line Li is traced from Li to Ti on starter to finger 5 on con- 
troller, through cylinder segments 3-7, to drum finger 7 and to Ti on 
the motor. Next, trace from L2 to T2 on starter, to drum finger 9, 
through segments 9-11, to finger 11, and to motor terminal T 2 . 
Finally, tracing from L 3 , the third phase is completed through Tz on 
starter, to finger 19 through segments 19-15-13 to finger 13, to motor 
terminals Tz and T7. This completes the three-phase line to motor 
connections and at the same time connects together, motor terminals 
Tz and Tr to form a delta connection of the motor windings for slow 
speed operation. 

The openings in the windings of the motor at Tz and T 7 , and Tiz 
and Tn are there for the purpose of preventing induced currents, by 
transformer action in the idle winding. That is, when the motor is 
operating on either winding, the idle winding must be open so that 
circulating currents which might reach dangerously high values 
cannot be induced and burn out the winding. 

Now bearing in mind that the diagram is drawn to represent an 
outstretched cylinder, when the lever is moved to the second speed 
position forward the segments (small rectangles) {F)~3 at the left 
make contact with the row of fingers marked by even numbers. In 
the same manner as explained in position 1 , the three phases can be 
traced to find that L1-L2-LZ are connected to Tu-T^-Tu terminals 
on the other motor winding. 

In the third position segments (F)-3 at the right make contact 
with the odd-numbered fingers and the lines will be connected to 
motor terminals Tq-T^-Tz on the first winding. Also motor terminals 
T 1 -T 2 -TZ-T 7 will be connected together to produce a parallel Y or 
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star connection of the same winding. In the fourth position the 
segments in row (F )-4 at the left make contact with the even-numbered 
fingers and connections are made as shown in the table for 4 or high 
speed, making a parallel star connection of the sec^ond winding. It 
will be noted that this controller provides a staggered switching 
arrangement; that is, first a row of segments on one half of the cyl- 
inder makes contact with one row of statioTiary fingers and in the 
next position a row of segments on the opposite half of tlie cylinder 
makes contact with the other row of fingers. The controller is so de- 
signed in order to utilize as mu(‘h of the ^.urf.lce of the cylinder as pos- 
sible and thus keep down the size and cost of the controller. 

Reversing Motor. For reversing the direction of rotation of the 
motor, the lever is moved to the reverse position. By tracing the 
circuits for all tour speeds, it will be found that in each case two lines 
are reversed and connections are made from L 1 -L 2 -L 3 shown in the 
reverse line of the table, to motor terminals shown in the succeeding 
lines for speeds 1, 2, 3, and 4 . 

Motors up to 10 h.p. can be switched directly by Uie controller, 
and in that (*ase the line connections aie made to fingers 3, 9, and 19 
on the controller instead of to the magnetic starter. For motors 
larger than 10 h.p. it is necessary to use a magnetic switch or con- 
tactor to make and break the circuit to the motor so as to avoid severe 
arcing on the contacts of the controller. Magnetic switches are 
designed with better arc-rupturing characteristics and, when used 
with controllers, prevent the burning away of drum contacts, which 
results from severe arcing. 

Interlocking Contacts. The diagram just discussed shows a stor- 
wheel pilot control interlocking contact C3-C4, which opens the mag- 
netic starter each time the lever is moved from one position to another. 
In the off and all the on positions, the contacts C3--C4 are c*losed. A 
small movement of the lever in any direction opens these contacts and 
causes the magnetic starter to open before the circuits are broken in 
the drum switch, thus removing the switching burden from the con- 
troller. In consequence of this feature, when the lever reaches a new 
position the magnetic starter is open and must be reclosed with the 
start button. This must be done with each change in position of the 
operating lever. 

Another type of interlocking contacts on drum switches called 
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off position reset permits the magnetic switch to be closed over 
contacts on the controller which are closed in the off position and open 
in all other positions. Under normal operating conditions the mag- 
netic switch, after being closed with the start button, remains closed 
for all positions of the lever. However, if the magnetic switch opens 
because of voltage failure or an overload condition, the swit(‘h cannot 
be reclosed until the controller lev er is brought to the position. This 
arrangement is desirable on applications that require very frequent 
and rapid operation of the drum switches because the operator needs 
only to shift the lever for reversing or speed changing and does not 
have to perform the extra operation of i)ressing the start button. 
However, the method cannot be used for motors above 10 h.p. for 
reasons explained. 

Overload protection for multispeed motors may be provided for 
one or more spee<ls as desired. In many cases prote(*tion is required 
only for high speed, and in that case the magnetic switch is equipped 
with one i)air of overload relays. For protection on other speeds, the 
magnetic switch may be eejuipped with additional relays or a separate 
overload relay panel may be used to obtain the added protection. 

AUTOMATIC MULTISPEED CONTROLLERS 

Automatic controllers find a wdde field of appli(‘ati()n with motors 
used on machine tools, fans, air-conditioning systems, refrigerating 
compressors, stokers, conveyors, also on bakery, laundry, and textile 
machinery. 

The simpler and most commonly used controllers consist of an 
assembly of magnetic contactors and magnetic switches, either 
mechanically, or mechanically and electrically interlocked so as to 
insure correct sequence of o}>eration. They are equipped with two 
overload relays for each speed so as to provide dependable protection 
against sustained overloads at all speeds. 

For separate winding motors the number of main switches on the 
controller is equal to the number of speeds. For consequent-pole 
motors, wherein one winding is used for two speeds, one contactor is 
used for one speed and one or more contactors may be required for 
the second speed for reconnecting the winding and connecting it to 
the line. 

The controll^^rs may be operated by means of push-button sta- 
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tions, or a combination of push-button stations, limit switches, and 
other automatic* pilot-control devices or exclusively by means of auto- 
matic control devices such as fi(>at switches, pressure switches, ther- 
mostats, control relays, timing relays, time clocks, limit switches, and 
otlier devices used in combinations to provide the desired sequenc*e 
of operation. 



1 ijr 1() MiiltiBpppd Coritiollor for a Fonr-Spee<l, 1 wo- 

VN ituliuK ('onaefiupnt-Polp, ( ’onstant-roi'iue Motor 
CnmU s 7 / of AUt n-Hrailli i/ Company Mtht « ukti , Wisconsm 

A typical controller showm in Fig. 1() is designed for controlling a 
four-speed, two-winding, consequent-pole, constant-torque motor. 
This type of controller is used on either a fifteen horsepower, 220-volt 
motor, or on a twenty-five horsepower, 440-000-volt motor. Either 
a push-button station with indicating lamps to indicate the speed at 
which motor is operating as shown in big. 17, or a plain station with- 
out lamps may be used to operate the controller. The connection 
diagram is shown in Fig. IS and the lirn* diagrams showing the control 
schemes in simplified form are shown in Fig. 19. The schematic 


297 



16 


CONTROLS FOR A.C. MOTORS 


diagram, Fig. 19, corresponds to push-button connections when made 
as shown at (A) in Fig. 18 and the schematic diagram. Fig. 20 corres- 
ponds to push-button connections when made as shown at (B) in 
Fig. 18. 

When an indicating push-button station, Fig. 17, is to be used, 
the wire indicated by the dotted line to terminal Cio, Fig. 18, is 
installed on the control panel. Then a wire is installed from terminal 
Cio» Fig. 18, to the left-hand terminal of the lamp, Fig. 17. 



Fig. 17 Motor Control Station with Indicating Lamps 
CourUny of lllen-JiradUy Company, Mtluaukfc, Wisconsin 


The magnetic contactors in the main diagram. Fig. 18 and illus- 
tration Fig. 1C), are numbered to indicate which speeds they control; 
that is, number 1 closes for the first or low speed, 2 closes for second 
speed, the two number 3 contactors close for the third speed, and the 
two number 4 contactors close for the fourth or high speed. Since the 
two number 3 coils are connected in parallel and the two number 4 
coils are similarly connected, each pair is shown as one coil on the line 
diagrams in Figs. 19 and 20. 

Sequence of Operation. With the control scheme shown at (5), 
Fig. 18 and in Fig. 19, it is possible to start at any speed and increase 
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Fig. 18. Connection Dif^am for an Automatic Four-Speed Starter for Two-Winding Conetant- 

Torgue Motor 
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the speed in sequence as from first to second, to third, to fourth, or 
from second to third, to fourth and so on. It is not possible to go from 
one speed to a lower speed without first pressing the stop button to 
disconnect the motor. The sequence of operation will be more readily 
understood by tracing the circuits in the line diagram. Suppose, first, 
that the operator presses the jirat or low speed button. This will encr- 



Fiir. 19. SclieiiiatK Dmiriaiii for the Push-Hut f<iii st ttu>n shown in Fik 18 at Hi) 


gize the coil of the 1st speed contactor oxer circuit / 

Fig. 19, and (‘ontactor will close and lock in through its normally open 
interlock over circuit l~2-S-4 5-S-9 -9-7, to make connections from 
lines Lu L 2 . und L 3 to motor terminals T\, To, and T 3 -T 7 , respectix^ely, 
shown in Fig. 18. At the same time that the contactor closes, it opens 
its two normally closed interlock contacts between S and 10, and 
between 2 and 13 (marked 1st, Fig. 19) to avoid any possibility of 
closing contactor number 2, 3, or 4 and to compel speed increase in 
regular sequence. 

If next, the operator attempts to change to the third or fourth 
speed, it is found to be impossible because the contactors for these 
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speeds are locked open by the normally closed interlocks previously 
mentioned as being open. However, it is possible to change to the 
second speed, for by pressing the 2nd speed button, number 1 con- 
tactor opens, and in doing so closes (‘ontactor number 2 over circuit 
1-2-3—10—11 -€-7 ^ Fig. 19, which locks in through its normally open 
interlock over circuit 1-2 ~3 10-11-12-0-7, to inak(' conn(‘ctions from 
the lines L] , L 2 , and L.j to motor terminals i . jTpi, and Tu -Tn, Fig. 18 . 



Fir 20 Scheinatir OiaRram for the PuBh-Hiitton Station Shown in Fig. 18 at (i4) 


Now if operator attempts to change to the fourth speed, it is 
found impossible because* the normally closed interlock on contactor 
number 2 shown between 13 and Fig. 19, is open to prevent it. 
How ever, a change to the 3rd speed can be made because the operation 
of the 3rd speed button opens number 2 (‘ontactor to close contactor 
number 3 over circuit 1-2-13-14-1 J 10-6-7 which locks in over 
circuit 1-2-13-14-15-16-17-6-7, to make motor connections as 
show n in Fig. 18. 

Finally, if operator presses the si>eed button, contactors 
number 3 will open and number 4 will close over circuit 1-2-13-1 
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19--6-7y Fig. 19, and lock in over 1-2-1 3-1 4-1 8-1 9-20-6-7. From the 
fourth speed it is not possible to return to a lower speed because the 
normally closed interlocks on contactors number 4 shown between 
2 and 5, and between I 4 and 15, are open and lock all the other circuits 
open. Therefore, it is necessary to press the stop button and open 
contactor number 4 before a lower speed can be selected. After this 
is done, the operator can select the speed desired. For instance, if he 
presses the 3rd speed button, number 3 contactor will close over cir- 
cuit 1-2-13-14-15-16-6-7 and lock in over 1-2-13-14-15-16-17-6-7. 
Again from this speed it is not possible to change to a lower speed 
because both number 1 and number 2 contactors are locked open by 
the normally closed contacts between 2 and 3. Other cycles of opera- 
tion may be followed through to find that in all cases the motor may 
be initially started at any speed and the speed increased in sequence, 
but cannot be decreased without first pressing the stop button. 

Speed Change Sequence. The scheme of control shown in 
Fig. 20 is obtained by changing the connections within the push- 
button station and making connections to the controller as shown at 
(A) on the main diagram Fig, 18. By tracing the various circuits in a 
manner similar to that explained for the line diagram, Fig. 19, it will 
be found that this scheme permits increasing and decreasing the speed 
in sequence, but that in either direction it is not possible to change to 
any but the next higher or next lower speed. 

Sequence speed control is used in order to reduce the electrical 
and mechanical disturbance caused by wide and sudden changes in 
speed. Changing the speed of a motor suddenly by changing the 
number of poles on the stator produces a momentary^polar relation- 
ship between the stator and rotor, which in turn causes high currents 
and disturbing torque conditions that produce a severe braking effect. 
The motors themselves are usually designed to withstand sudden 
speed changes when running freely. When connected to the driven 
load, however, the motors, as well as the load, are subjected to severe 
mechanical shock which may cause belts to slip or tear, gears to be 
stripped, or shafts to be sheared. 

Selection of Sequence. The nature of the load and the desire of 
the user of the equipment usually determines the type of speed 
sequence control to be supplied. Controllers are designed with 
various other features which provide different methods of accelera- 
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tion, speed changing:, and deceleration. They can be equipped with a 
control relay so connected as to compel slow-speed starting. The 
operator must start with first speed and then advance successively 
through second, third, and fourth speeds. Pushing aiiv other than the 
low-speed button will produce no result. The controller and motor 
will operate only after operation of the low-sptid button. 

For automatic sequence acceleration the controllers are equipped 
with control relays and timing relays to compel slow speed start and 
to accelerate the motor automatically to the speed selected. When a 
controller is completely cc|uipped with this {'eature for all speeds, the 
operator may press the button for any desired speed and the controller 
will start the motor at low speed and automatically accelerate the 
motor in sequence to the speed selected. It will continue to run at 
this speed until the operator presses the fourth speed button or stop 
button. 

Controllers are also designed to provide automatic sequence 
deceleration. With large inertia loads, the severe braking effect 
resulting from sudden speed changes, as pieviously explained, may 
cause damage to the driven machine, toe motor, or the operator. To 
obtain sequence deceleration, the controller is equipped with relays 
similar to those used for acceleration exc*ept that they function to 
produce an operating cycle exactly opposite. When a lower-speed 
button is pressed while the motor is operating at high speed, the high- 
speed contactor opens and the timing relays function to decelerate the 
motor automatically, with time intervals between each speed change 
down to the speed selected. For some applications it may be desirable 
to obtain both the accelerating and decelerating feature, and in that 
case the controller must be equipped with both types of relays. 

For reversing service, the controllers arc t*quii)ped with addi- 
tional contactors to reverse the motor at one or more speeds, accord- 
ing to requirements. 

WOUND-ROTOR INDUCTION MOTOR CONTROLLERS 

Manual Controllers. Multispeed motors have characteristics 
similar to squirrel-cage induction motors except that they provide a 
number of fixed speeds. In contrast to this, wound-rotor induction 
motors (commonly called slip-ring motors) are designed to provide 
adjustable speeds. Since they have two windings — a primary or 
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stator winding and a secondary or rotor winding — they require con- 
trollers that will control hoth circuits. 

The primary control usually consists of a simple device such as a 
magnetic switch or reversing switch; or it may be an assembly of 
fingers and segments c*onstituting a primary cylinder mounted on the 





Fig. 21 Interior View Showing the Constnirtion of a Speed Regulator for a ViTound-Rotor 

India tion Motor 

Coarteny of AUen-Bradhy Company, Miluaukee, Wttrowsin 

same shaft with the secondary cylinder of a drum controller to make 
a complete-unit controlling device. 

The secondary control is some form of device by means of which 
the resistance in the rotor circuit can be regulated to obtain the torque 
or speed required to meet varying load conditions. 

Face-Plate Type. Manually operated controllers are built in the 
face-plate type, carbon-pile type, and drum-type construction. Gen- 
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erally the face-plate controller (more commonly called speed regulator) 
is constructed in a fashion as shown in Fig. ?l For better illustration 
of the structure it is shown with enclosure removed. The regulator 
consists of an operating lever with three arms carrying contacts under 
spring pressure which slide over and make contact with the segments 
mounted on a plate of insulating material. Tht‘ resistors with numer- 
ous taps are connected to the segments on tin* plate, and as the arms 
are moved over the segments by the common lever, in one direction 
or the other, the resistance is pri)gressiv^elv cut in or cut out to change 
the speed of the motor. The operating handle is similar to that in 
Fig. 2, and is mounted on the cov( r of the en(*losure so that when the 
cover is in place the handle engages the face-plate lever which operates 
the three arms in unison, ^^le arms are mechanically and electrically 
connected to form a F or star as shown in Fig. 22, whi^h also illus- 
trates the controller and motor connexions. The resistors also are 
connected together by connectors X and to mak(‘ a permanent star 
connection at the end farthest from the slij) rings of the motor. Fig. 23 
shows how the resistors are connected and regulated. 

Operation of Controller. With the lever arms in the off position 
as shown in Fig. 22, the primary magnetic starter is open and the motor 
is inoperative. When the arms are advanced to j)osition f , and while 
they are advancing, the auxiliary contact le\(T E makes contact first 
with contact C to close the primary starter and then with contact D to 
establish the holding circuit. (The cutout device, if one is used, must 
obviously be closed for operation.) The primary starter locks in over 
its own auxiliary and over contacts E-D on the regulator; these re- 
main closed for all succeeding positions of the main lever A. The 
motor, with its primary winding energized and with all the resistance 
in the rotor circuit, will draw a small current and start rotating at a 
slow speed. As the lever A is progressively advanced clockwise up to 
position 9, the resistors are shorte<l out of the circuit step by step to 
admit more and more current, and the motor gradually accelerates to 
full speed. To operate the motor at reduced speed, the lever is placed 
in a position which will adjust the resistance to a value that will 
produce the speed desired. Since there are nine points of adjustment, 
it is possible to operate the motor at nine different speeds. With the 
final motion of the lever when brought back to the ojf position, contact 
lever E returns to contact B to open the primary starter. 
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On some operations it might he desired to set the speed regulator 
for a certain speed and to start and stop the motor without disturbing 
the lever of the regulator. In that ease tlie primary starter is (*on- 
nected independently of the speed regulatoj* interiot*king contacts 
By C, D, E, and is ()j)erated by means of a start-stop push-button 
station. 

The speed regulator just deseribed has a s>mmetri(‘al arrange- 
ment of segments and, thereforo. for any position of the lever, the 
resistances in the three j^hases an alwa\s ecjual. Regulators are also 
designed with a staggered arrangement ci segments to y)rovide finer 
speed adjustments. When the l(‘\er is adxaneed to the first point, 
resistan(‘e is shorted out of one phase onl\ . On the next point n^sist- 
anee is sliorted in the second pha.s(, on the next in tlie third phase, 
next again in the first pliase, and so on. With t]ii« tyy)e of regulator it 
is possible to obtain up to twentyMme or more points of speed legula- 
tion, the number depending upon the design of tlie fa(*e plate. Still 
finer steps of speed regulation, in fact stejdess r<'gul^tion, can be 
obtained with farhon-pilr rheostats or speed rrgidators, 

CARBON«PILE SPEED REQULAIORS. Tho rarbo?i-pile rheo- 
stat and carbon-pile speed regulator shown in 1^'igs. 24 and 25, r(‘spec- 



^ ~ PRESSURE SCREW ROD 


Fi" -4 (’iibon-Pile Hheost it 
Coiuk'^ii of ilk n-JinitJh ( oniimnij Milonuht, Wistonnn 


tively, are similar in eonstruetion. The only differenee lietween them 
is that the speed regulator is ecpiippcd with a dc\iee by means of 
which the resistors are entirely short-circuited with the final motion 
of the handwheel. A more detailed explanation of its operation will 
be given later. 

Construction of Carbon-Pile Rheostat- In a broader sense, both 
of the deviees arc variable rheostats w^hich provide smooth changes in 
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resistance without steps. Essentially they consist of stacks of processed 
graphite discs contained within insulated steel tubes, the ends of 
which are fitted with electrodes. In the end of the tube farthest from 
the handwheel the electrode is insulated from, but rigidly fixed to, the 
tube and is equipped with a brass stud to provide means for connect- 
ing. In the other end the electrode is mounted in an insulating 
bushing in a manner to permit it to move backward and forward and 
vary the pressure on the discs. To the outer end of the electrode is 



Fig 25 Connections of an Alternating-Current Carbon Pile Speed llegulator in a Circuit 


attached an insulating pressure cap and a flexible connector, the free 
end of which is connected to an insulated terminal on the frame. 

The tube resistors are mounted in suitable frames equipped with 
an equalizer, pressure screw, and handwheel, Fig. 25, by means of which 
pressure applied to the movable electrode is transmitted to the column 
of discs. When the handwheel is turned in the clockwise direction, 
pressure is applied to the columns of discs and reduces the resistance 
in all the tubes. When turned in the counterclockwise direction the 
pressure is reduced and the resiliency of the discs causes them to 
spread and thereby increase the resistance in the tubes. The range of 
resistance between minimum and maximum is approximately 1 to 50* 
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For example, if discs with a minimum resistance of 1 ohm are used in 
the rheostat, the maximum resistance obtainable will be 50 ohms. If 
the minimum resistance is 5 ohms the maximum will be 250 ohms. 

The resistance characteristic of carbon discs is de termined by the 
manner in which the discs are processed. It ranges fnan the specific 
resistance of graphite, which is very low, to a specific resistanc'e sev- 
eral thousand times that of graphite. 

Operation of Carbon-Pile Rheostat. A carbon-pile rheostat such 
as the one shown in Fig. 24 may ])e used in conjunction with a face- 
plate speed regulator by eoimeeting one of ^acli of tlie tubes or resistors 
in each rotor circuit, between the ring and its corresponding resistor. 
The resistance of the rheostat should then be only of sufficient value 
to provide vernier control between the fixed steps of the face-plate 
regulator. Under full compression then, the niiniinum resistance 
would be low and would permit the motor to operate at ne.ir full 
speed when the face-plate regulator is set for maximum speed. When 
used in this manner it is not advisable to use a rheostat with a short- 
circuiting device because of the possibility of shorting the sh’p ringf? of 
the motor when the fa(*e-plate speed regulator is set to operate the 
motor at reduced sj)eed. Frequently rheostats are used in this way to 
obtain finer speed regulation, especially on large motors for which a 
carbon-pile speed regulator alone would })e too small. 

Carbon-pile rheostats arc built with various sizes of tubes and 
one or more tubes assembled in one frame. The ratings range from a 
few watts to 10,000 watts or higher. They find a wide field of applica- 
tion in controlling small 1).(\ and single-phase A.C. motors, electric 
heaters of all kinds, electroplating currents, battery charging currents, 
and so on, where stepless resistance and current control is desired. 

Carbon-pile resistors as individual units are also assembled and 
used in many ways in all kinds of resistance starters and controllers. 

Operation of Regulator. The carbon-pile speed regulator shown 
in Fig. 25, as previously mentioned, is similar to the rheostat. The 
structure, operation, and characteristics are the same, but it is pro- 
vided with a short-circuiting plate to make it suitable for controlling 
the secondary circuit of slip-ring motors, much as a face-plate regulator 
or drum controller does. Manv operations require stepless speed 
variation, and to such cases the regulator is ideally suited. It has its 
limitations as to size and is seldom built for motors larger than 15 h.p. 
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because of the hi^h cost compared to other types of control. The 
primary control usually used with this regulator is a primary magnetic 
switch independently operated. 

In order to obtain a slow start and gradual acceleration of the 
motor, the handwheel of the regulator is turm^d all the way back 
counterclockwise ))ef()re the primary switch is closed. This intro- 
duces a high resistance in the rotor (‘ircuit, which limits the primary 
current inrush and the rotor current to a low value. Next, the 'primary 
switch is closed and the handwheel of the regulator is turned clockwise 
to reduce the resistance and increase the current to the motor. When 
the current reaches the value required to produce the necessary 
starting torque, the motor will start gradually and will continue to 
accelerate slowly or rapidly, depending upon the rate at which in- 
creasing pressure is a[)plied. When the applied pressure reaches the 
value limited by the turning effort required to turn the handwheel 
and by the mechanical strength of the regulator, the resistance is so 
low that th(‘ motor runs at nearly full speed. At this point the final 
motion of the handwheel brings the short-circuiting plate, or ring, in 
conta<*t with the resistor electrodes to short-circuit the resistance 
entir(‘ly out of the rotor cinaiit. When the handwheel is turned 
(*ounter(‘lockwise, the {date breaks contact with the ele(‘trodes and 
introduces resistance into the circuit. By properly adjusting the 
handwlieel it is jiossible to operate the motor at an\ speed within the 
limits of the speed regulation that the regulator will provide, or the 
limits of speed within which the motor will continue to operate 
satisfactorily. 

DRUM CONTROLLERS FOR WOUND-ROTOR MOTORS 

The mechanical structure and operation of controllers for wound- 
rotor motors is similar to that of multispeed drum controllers, the 
principal difference being in the construction of the movable member, 
or cylinder. Typical designs of these controllers are shown in Fig. 2(i 
and Fig. 27. The first is a nonreversing controller whi(‘h provides 
secondary control only, and the second is a reversing controller which 
provides both primary and secondary control. 

Nonreversing Drum Controllers. The schematic diagram for the 
nonreversing controller and its connections to a primary switch, 
resistors, and motor are shown in Fig. 28. The pilot control circuit is 
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operated by a cylindrical-shaped .segment, E, which is mounted on the 
same insulated shaft with segment A- A. The segment E closes the 
primary switch over contacts Ci and Cs and maititains the holding 
circuit over C2 and C3. The resistance changing tle\ ii'c is made of two 
helical-shaped copy>er segments A -A whicli are meciianically and 
electrically coupled to make one large hilical si'gmcnt tin t is suj)- 
ported by cast-iron sj)iders mounted on the insulated sliaft. ^'he 
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sejjnient is so designed that, to^^etlier witli tlu^ iv^istor connertions, it 
maintains a closed Y connection across the thn‘t* pliases or le^s of 
resistors for any jxisition of the cylinder. 

When the operating handle which is attached to the shaft is 
advanced to position U it closes the primary s^\itch to supply power 
to the stator with all the resistance in in tlie rotor circuit. For all 
succeeding positions of the handle the primary switch remains closed 
and, as the power segment A-A rotates into contact with the station- 
ary fingers Jhi Ri2y R221 ^3, etc., it alternately shorts out sections of 
resistors in the three phases or legs until, at position 11 ^ contact is 
made across i?5, i^25 to short-circuit ‘ill the resistance in the rotor 

circuit and })ermit the motor to operate at full ^peed. The speed is 
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adjusted by placing the operating handle in the position which will 
provide the speed desired. 

Pilot Circuit Interlock. The pilot circuit interlock shown in 
Fig. 28 provides no-voltage protection on all but the first point. For 
instance, if the primary switch should open because of low voltage or 
voltage failure when the hand lever is in any position other than 
position 1, it cannot be reclosed until the lever is brought back to 
position 1, This prevents the motor from starting suddenly and 
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Fig 28 Wiring Diagram for a Nonreversing Dium Controller for Starting or Regulating Duty 
with 3-Wiie Control Pilot Inteilock 


unexpectedly when voltage is restored. In a measure this feature 
protects the driven machine and the operator of the machine who 
might be working on it while it is stopped. However, it does not 
afford complete protection because it starts the motor on the first 
point. For example, assume that the motor is shut down with the lever 
in a running position while someone is working on the driven machine. 
The operator of the controller, thinking he was returning to the off 
position, might pass over position 1 and give the motor a power 
impulse which might hurt the workman or machine. Rare cases of 
this are known to have happened, but despite this somewhat objec- 
tionable feature, the scheme is used because it is the simplest and most 
practical way to control both primary and secondary with one lever. 
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No-Voltage Protection. Where complete no-voltage protection is 
desired, the pilot circuit interlock should be arranged as illustrated in 
Fig. 29 to provide position reset. The segment i? is usually designed 
so that it can be converted from one type to the other. This off 
position reset interlock provides no-voltage protection on all points, 
because the motor cannot be started except in the off position. A 
start-stop button must be used to close the primary switch and, when 
once closed, the swit(*h will not open except in case of overload, no 
voltage, or pressing of the stop button. 



Fig. 29. Pilot Control Connections for Oflf Position Reset Interlock on a Nonreversing 

Diuiu C’ontroUer 


Reversing Drum Controller. The connections for a reversing 
type controller as illustrated in Fig. 30 are similar to the connections 
of a nonreversing controller. In the pilot circuit interlock the seg- 
ments A close the primary switch in either direction of rotation of the 
drum cylinder. Segment B is a complete ring and maintains contact 
with contact finger C 2 for all positions of the cylinder, including the off 
position. Together with segment Ci it constitutes the maintaining 
circuit ill the forward direction of rotation of the cylinder, and with C 2 
it constitutes the maintaining circuit in the reverse direction. Fig. 31 
shows the off position reset interlock connections. 

The constituent parts of the movable member or cylinder are the 
interlock, the secondary control section, and the primary control 
section, all insulated from one another and all assembled on one 
common insulated shaft. The secondary section is made up of a 
number of various lengths of cylindrical segments connected together 
mechanically and electrically ana arranged to accomplish progressive 
changes in the connections of the resistors for both the forward and 
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reverse direction of rotation. The primary section is made of twelve 
cylindrical sep;nients of equal length assembled in electrically con- 
nected groups of four. The three groups are arranged so that the 
primary lines to the motor are reversed when the operating handle is 
shifted from one side of the off position to the opposite side. By 
tracing the circuits in the manner explained for the nonreversing 



Note WUen limit switdice are not used connect lumper A between iind ^'4 and also connect 
Cs to safety switch us shown h\ dotted hue 

Fig 30 Reversing Drum (''ont roller Having 8 Points Forward and 8 Points Reverse 


controller it will be found that the prim{iry magnetic switch closes in 
position /, and remains closed while the resistor sections are succes- 
sively short-circuited to position 8. Also, on povsition 1 the primary 
power segments close the lines to the motor and hold them closed for 
all successive points. When the operating lever is brought back to the 
off position, the primary switch and the primary power contacts on 
the controller open. Next, when the lever is moved in the opposite 
direction, the cycle is repeated with two of the lines to the motor 
reversed to produce reverse rotation of the motor. 

In most cases a primary magnetic switch is used in connection 
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Fig. 31. Pilot Control Coiineotions for Off Position Reset Interlock on a Reversing Drum 

Controller 


with the drum controller in order to obtain overload and no-voltage 
prote(*tion, and to reduce the arcing on the drum contacts. In some 
cases, however, the magnetic switch is not used and line connections 
are made directly to the controller as shown in Fig. .‘12. By referring 
to Fig. 27 it will be obstTxed that the primary section of the controller 
is e(|uipp(*d with arc barriers which are mounted on the finger supports 



Fig. 32. Revereiug Drum Controller Having 6 Points Forward and 6 Points Reverse without 
a Primary Magnetic Switoli 
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to isolate the power circuits and prevent flash-over between lines. This 
construction permits the controller to be used without a magnetic 
switch. 

Duplex Controller. Another type of controller, for which the 
connections are shown in Fig. 33, is used for controlling the secondary 



Fig. 33. Two Motor Reversing Controller with Primary Reversing Switch. Drift Point on 
First Position of Drum 
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circuits, M\, and ilfs, of two motors simultaneously. Such con- 
trollers are sometimes used for controlling two motors of equal size 
and characteristics when used for opening and closing large doors, 
gates or bridges. The reversing operation is accomplished by means 
of a reversing magnetic switch controlled by limit switches and the 
pilot circuit interlock on the controller. The reversing switch is closed 
on the second instead of the first point, and the first point provides a 
drift point for the motors equipped witli shunt electrical brakes. The 
motors are slowed down gradually from any running position until, at 
position they are disconuected from the line. However, the main- 
taining segments D remain closed to keep the brake energized in the 
open position and allow the motors to drift or coast for any desired 
length of time. When the doors, gates, or bridges have reached the 
desired position, the operator moves the lever to the off position to 
apply the brakes. If the operator should fail to disconnect the motor 
in time, one of the limit switches, depending on the direction of mo- 
tion, will disconnect the motor and allow the load to drift into position. 
Brakes may or may not be used, but on some applications it is 
advisable to use them to prevent the shock which results when the 
load has reached its limit of motion. 

AUTOMATIC CONTROLLERS. Because of the nature of the 
applications for which they are used, slip-ring motors are controlled 
most commonly with manual controllers. The controller is usually 
attended constantly by the operator, who regulates it to meet 
constantly changing conditions and requirements. Examples of these 
applications are cranes, hoist, and material handling machinery of 
all kinds. 

However, automatic controllers find a field of application on 
operations requiring push-button control from one or more locations 
remote from the motor and controller, or automatic-pilot control by 
means of such devices as pressure switches, thermostats, liquid-level 
controls, limit switches, and timing devices. The four-speed auto- 
matic controller shown in Fig. 34 consists of a main-line switch with 
overload relays, three accelerating switches or contactors, three pilot 
control relays, three timing relays, and the speed regulating resistors. 
In Fig. 35 it is shown controlled by means of a separate five-button 
station equipped with lamps which indicate the speed of operation. 
For complete automatic operation, automatic pilot control devices 
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can be substituted for the push-button station. The sequence of the 
operating cycles will be understood by tracing several of the circuits 
in the control-circuit line diagram (schematic or elementary diagram) 
Fig. 36. 

Scheme of Operation. When the operator presses the start, or 
low-speed button, Fig. 36, the line-switch coil is energized from Li 
through the OL contacts, line switch coil, 5, the start button, 6, the 
stop button, 13, and OL contacts to L3 and closes the line switch 
which maintains the coil circuit over its own interlock LS. At this 
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No 3 ACCELERATION 
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TO MOTOR 



No I ACCELERATION 
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CONTROL RELAYS 
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Fig. 34. Fifteen-Horsepower 22()-Volt Three-Pliase Automatic Wound-Rotor Motor Con- 
troller Ueai8t(jr8 Aie Mounted in Real of Panel 
Courtesy of AlJen-Bradlty Comjmni/, Miluaukfe, Wiseonstn 


stage the motor starts with all the resistan(‘e in the rotor circuit and 
runs at low speed. Timing relay coil TRi being connected in parallel 
with the line switch coil is simultaneously energized and after a 
predetermined time, depending on the time setting, the relay closes 
its contacts to set up a circuit in readiness for second-speed operation. 
The motor will continue to run at low speed until the operator presses 
the 2nd speed button to energize 1st acceJ. coil and TR 2 coil. The 
circuit for the 1st accelerator can be traced through the 3rd and 
2nd accel. normally closed auxiliary contacts, TRi contacts previously 
closed, point 8 , 2SP push button, point 7, normally closed start 
button contacts, point 6, the stop button, point 13, OL contacts to 
Z/3. The closing of 1st accel. contactor (see Fig. 35), which maintains 
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Fill 36 Connection Diagram of n Four-Speed Autuinutic Preset Speed Rediulator 
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its coil circuit over its own auxiliary contacts, makes connections 
across the resistors at 2-^22 to increase the speed of the motor. 
It also opens its normally closed auxiliary contacts to de-energize 
TR\ coil. After a predetermined time, relay TR^ closes its contacts to 
set up a circuit in readiness for third-speed operation. The motor will 
now continue to run at the second speed until the operator elects to 



Fir. 36. Schematic Diagram of a Four-Speed Automatic Preset Speed Regulator 


press the 3rd push button (3SP) to close the 2nd acceL contactor. In 
the same manner as explained for the first and second speeds, the 
circuits can be traced for the third and fourth speeds. In tracing 
circuits it should be borne in mind that, when the device is actuated, 
normally closed contacts always open, and normally open contacts 
close. 

The controller illustrated provides preset speed regulation which 
permits the operator to select any speed by pressing only the corre- 
sponding push button. For example, if the operator presses the fourth 
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speed button the controller will, by means of the timing relays, control 
relays, and auxiliary contacts on line switch and accelerating contac- 
tors, automatically start and progressively accelerate the motor from 
one speed to the next until it is running at fourth or full speed. Sup- 
pose now that the operator wishes to operate the motor on third speed 
and presses the Srd button. This will open the Srd accel contactor 
and close the 1st occeL contactor over TR\ contacts which are always 
closed except when the 1st dcceL is closed or line switch is open. From 
this point on, the controller again automatically and progressively 
accelerates the motor to the selected third speed. 

Automatic controllers, because they are costlier, are not as 
commonly used as manuall^^ operated controllers. However, for many 
industrial operations which require complete automatic operation or 
precise sequence cycles with respect to time or mechanical motions, 
automatic controllers are indispensable. They are designed with 
various types of cycling and compelling features to provide different 
methods of operation much similar to those of multispeed controllers. 
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FRONT AND REAR VIEWS OF AUTOMATIC SPEED REGULATOR PANEL FOR 2S-HP, 220-VOLT, 
3-PHASE, (50-CYCLE WOUND ROTOR INDUCTION MOTOR 
Courte'^u of Sundh Electric Company ^ jSeibark, J^ew Jersey 



USE OF RESISTORS FOR 
CONTROLLING MOTORS 


Definitions. In a discussion of rt^sistors, it is necessary first 
to make clear the difference between the ineaniiig of resistor and 
resistance. The two terms are defined according to the National 
Electric Manufacturer’s Association (NEMA) as follows: ‘‘A resistor 
is a device used primarily because it possesses the property of elec- 
trical resistance; resistance is the opposition offered by a substance or 
body to the passage through it of ele(*trie current, and converts elec- 
tric energy into heat.” In other words, resistor refers to the material. 



Fir. 1. Wire-Wound Keeifttor 


and resistance refers to the current-opposing property of the material. 
A rheostat is defined (NEMA) as, “A resistor which is provided with 
means for readily varying its resistance.” 

TYPES OF RESISTORS. Resistors used in electrical circuits 
for the purpose of operation, prote(*tion, and control commonly con- 
sist of an assembly of units, niey are usually made of resistan(‘e wire 
such as Niehrome or Advance, of fabricated sheet steel, or of iron 
alloys east into units called grids. The construction and assembly 
of units vary with the different manufacturers. 

A wire-wound resistor is often mixde by winding the resistance 
wire in grooves on a porcelain tube. Fig. 1. The grooves on the tubes 
prevent the adjacent turns of wire from coming in contact with each 
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other and shorting part of the resistance out of the circuit. A steel 
rod is used to support and hold the resistor in a frame. The electrical 
connections are made to the terminals at the end of the tube. Some- 
times the porcelain tubes may be spaced several inches apart on a 
metal frame or end bracket and the wire wound around the two tubes 
as a unit in a manner similar to the strip-wound unit in Fig. 2. 



Fig. 2. Six-Unit Assembly of Nonbreakable 
Resistor 

Courtesy of AUen~Bradley Comptiny, Milwaukee, 
WiscoTisin 



Fig. 3. Castr'Iion or Alloy Resistor Grid 


The type illustrated in Fig. 2 is made from steel strips of the 
necessary width for this construction and having resistance charac- 
teristics similar to Nichrome wire. The strip steel is cut into correct 
lengths, sheared in zig-zag style similar to Fig. 3, formed and placed 
on insulated supporting rods which are suspended between two end 
brackets. Each turn is provided with means for making a connection 
to make the resistor flexible with regard to adjusting the resistance 
between any two points. This type of resistor is known as a non- 
breakable resistor. 


324 



RESISTORS CONTROLLING MOTORS 


3 


The grid-type resistor is built up out of a number of cast-iron or 
nickel alloy gridsy Fig. 3, which are assembled on a supporting frame 
as in Fig. 4. These grids may have either an open or closed eycy Fig. 3. 
The open-eye type grid can be readily replaced in the frame without 
disturbing the other grids. The details of the assembly are shown in 
Fig. 5. The grids are insulated from the steel rod by a mica tube and 
from the end frame by molded insulators. In assembling, a mica 
washer is placed after every other grid eye in order to force the current 
through the grid. A soft copper washei is placed between the other 




GRIDS 

1 — ENDTRAMC 


Fir 4 Assembly of Cast-Iron Grid Resistors 
Courtesy of Electrn Controller arui Manufarturxng Company^ 

Cleveland. Ohio 

alternate grid eyes in order to provide a good electrical connection. 
Thus in Fig. 5 current will flow from the copper terminal to grid 1, 
down to the bottom of it, to the next grid, up through grid 2 and 
grid eye 2, through the copper washer to grid eye 3, and down through 
grid 3, and so on. Between the grid eyes at the bottom of grids 1 
and 2 (see Fig. 4) is a copper washer, while grids 2 and 3 have a mica 
washer between them. In this way the current is forced to travel 
up and down through the grids in the resistor, Fig. 4, from one ter- 
minal to the next. The copper terminals can be readily inserted at 
any desired place by loosening up the nuts at the end of the through 
boUs of the frame. 
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Wire-wound resistors are usually used for low currents, non- 
breakable resistors for intermediate currents, and cast-grid resistors 
for high currents. Nonbreakable resistors are not as easily broken 
as cast grids and furthermore they have better resistance charac- 
teristics than cast-grid resistors. The increase in resistance of non- 
breakable resistors, due to increase in temperature from 25 degrees C 
to 400 degrees C, is about 0 per cent, whereas the increase for cast- 



Fir. 5. Detailed AssembK of Resistor (iridp on i Steel FVame 


grid resistors is from 25 to 40 per cent. For these reasons nonbreak- 
able resistors are used in many cases invoK ing heavy currents, even 
though the;s arc lOore covStl;s than cast-grid resistors. For instance, 
for close speed regulation of a motor at all speeds, a widely (‘hanging 
resistance would be unsuitable; therefore, nonbreakable would be 
used despite the fact that the motor may draw a high current. 

Resistors are used with motor controllers for one or more pur- 
poses, some of which are: to limit the current inrush to a motor to 
protect it from overheating, to prevent power-line disturbances, to 
reduce excessive strains on belts, chains, gears, shafts and the driven 
load, and to provide means for varying the speed of motors. They 
are designed to meet various torque and speed requirements, are 
rated in ohms, watts, and amperes, and are classified by numbers 
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applying to duty cycles to be performed as shown in the following 
table: 

CLASSIFICATION OF RESISTORS 


Approximate 

Per Cent of 

Full Load 
Current on 

First Point 



Class NuMBiCKa Appi yino to 1)t ty (’yclbs 



30 Sec. 

6 Sec. 1 

1 10 Se( . 

16 Sec. 

15 S(.. 

15 Sec. 

15 Sec. 

riontm- 

Out of 1 

Out of 

Out of 

Out of 

Out of 1 

Out of 

Out of 

110U6 

15 Min. 1 

80 Sec. 

HO Sec. 

90 Sec. 

60 Set 1 

45 See. 

30 Sec. 

Duty 

25 

101 

Hlii 

131 , 

1 141 

151 

161 

171 

91 

50 

102 

112 

132 i 

112 i 

152 

162 

172 

92 

70 

103 ! 

1 ii;i 1 

133 

' 143 

153 

163 

173 

93 

100 

104 I 

1 114 

134 

' 144 

154 

164 

174 

94 

150 

105 

115 

L35 

145 

155 

165 

175 

95 

200 or over 

106 , 

1 1 

1 ! 

1 146 

156 

166 

176 

96 


CLASS NUMBER OF RESISTORS. All of th(‘ classes in the 
table except those in the last column are called infermittcnf doty re- 
simitars. Those most coniinonlv used for starting duty are classes tl4, 
116 , 116 , 134 , and 136 ; and for intermittent regulating duty, 
classes 168 , 164 , 1 ^ 4 , Ji-ud 166 . The classes in ^he last col- 

iiinn are for (‘oiitiniious duty, and th(»M* most commonly used are 
classes 92, 93, 94 , and 96 . 1 ntermiMvnt duty is defined (NEMA) as, 
“a requirement of operation or service consisting of alternate periods 
of load and rest so apportioned and regulated that the temperature 
rise at no time exceeds that specified for the ])articular class of ap- 
paratus under consideration,” — in this case, resistors. Continuom 
duty is defirunl as, ‘‘a recpiirement of service whif*h demands operation 
at substantially (*oiistant load for an unlimited period.” 

A class 1 14 resistor is an intermittent duty resistor designed for 
starting service, with sufficient (*apacit\’ to withstand a 5-seeond 
start repeated every (SO seconds, and an ohmic resistance to limit the 
current inrush on the first operating point of the controller to 100 per 
cent of the full-load motor current. A class llo resistor would have 
the same capacity as one of class 114, but its ohmic resistance would 
be designed to limit the inrush current to 150 per cent of full load. 

A class 153 resistor will withstand starting and intermittent 
speed regulating for })eriods of 15 seconds out of every 00 seconds and 
will limit the initial c*urrent to 70 per cent of full load. Resistors of 
the 160 and 170 series have capacities to withstand longer operating 
cycles and those of the 9() series have capacities to operate con- 
tinuously. 
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TORQUE CLASSES OF MOTORS. The torque requirements 
of all the different kinds of driven machinery can be divided into 
three general classes; constant torque, variable torque, .a.nd constant 
horsepower. A constant torque load is one which draws approximately 
the same current from the motor at all speeds. Examples of machines 
drawing such loads are plunger-type pumps and compressors, con- 
stant pressure blowers, conveyors, and all machines in which the load 
consists principally of friction. A variable torque load is one in which 
the torque requirement decreases as the speed decreases. Machines 
such as centrifugal pumps, fans, blowers, compressors, and others 
having considerable inertia or flywheel load are representative of this 
type. The constant horsepower load, which is less common than the 
other two, is one in which the horsepower is practically constant for 
all speeds. Since horsepower is proportional to the product of speed 
and torque it naturally follows that the torque must increase when 
the speed decreases. Metal and wood processing machines and cer- 
tain types of machine tools draw constant horsepower loads. 

Speed-regulating duty resistors, for use with slip-ring motors, 
unless otherwise specified are usually designed to limit the inrush 
current to 100 or 150 per cent of full load, and to provide 50 per cent 
speed reduction and regulation. Slip-ring motors will perform satis- 
factorily at speeds ranging from full speed down to 50 per cent speed 
for all types of loads. For variable torque loads they will perform 
satisfactorily for speeds as low as 25 per cent. 

CALCULATING RESISTANCE. In order to provide 50 per 
cent speed reduction, the resistor must absorb 50 per cent of the power 
delivered to the rotor of the motor. Therefore, for constant torque, 
since the torque remains constant and current is directly proportional 
to torque, the resistance is determined by the formula: 

Volts between Rings v n 

^ ■“ 1.73 X Full Load Amperes per Ring ’ ^ ^ 

However, even for so-called constant torque loads the current at 
reduced speeds usually is lower than at full speed, and to insure 50 
per cent speed reduction the current at this speed is assumed to be 
80 per cent of full load. Formula (1) is therefore modified to read: 

P __ Voits between Rings V 0 "iO 

“■ 1.73 X 0.8 X Full Load Amperes per Ring^ 
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However, the capacity of the resistors must be sufficient to carry 
full-load current at all speeds so that it will not overheat or burn out 
in the event that the current does remain constant. 

For variable torque applications (commonly called fan diUy) 
the current at 50 per cent speed is assumed to be approximately 33 
per cent of full load and the formula used for determining the re- 
sistance is: 


R = 


Volts between Rings 


1.73 X 0.33 X Full Load Amperes per Ring 


X 0.50 (3) 


The current capacity of the resistors is tapered from full-current 
capacity at full speed, down to 33 per cent of full-current capacity at 
50 per cent speed. 

For starting duty and for intermittent regulating duty the re- 
sistance is determined by the formula: 

p — V^lhs between Rings X 0.90 . 

1.73 X Allowable Inrush Current 


The factor 0.90 is used to make allowan(*e for voltage drop in the 
lines, motor leads, and the losses in the rotor. The capacity of the 
resistors is designed to meet the specific requirements of the load. 

DYNAMIC BRAKING. On some industrial operations it is de- 
sirable or necessary to stop a motor quickly instead of allowing it to 
coast to a stop. Various devices and methods are used to accomplish 
the result either mechanicall} or electrically. Motors may be stopped 
with hand brakes, mechanical brakes, or magnetic brakes, all of 
which are mechanical in their operation. They may also be stopped 
electrically by methods called dynamic braking and plugging. 

Dynamic braking consists essentially of converting the action of 
a motor from motor action to a generator action. When it is desired 
to stop an A.C. motor quickly, the stator or primary winding is dis- 
connected from the A.C. power lines and is excited from a D.C. 
source of supply. When running normally as a motor, the primary 
or stator field revolves at a speed called synchronous speed, which 
depends on the number of poles and the frequency (cycles). Current 
is induced in the shorted rotor bars or windings to produce poles 
which are attracted by the primary poles to produce rotation. When 
the stator winding is energized with D.C. to establish a stationary 
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field while the rotor is rotating, the rotor bars generate a high current. 
The current produces a rotor field which reacts with the stator field 
to provide a retarding torque that stops the motor. 

Various methods arc employed on both manual and automatic 
controllers to accomplish the transfer of power and to regulate it to 
produce the desired amount of braking action. A simple illustration 
using the definite time principle and one fixed step of resistance for 
one step of braking is shown in Fig. 6. 

The motor is started by closing the f^tari button which closes the 
A.C. switch to supply A.C. power. The starting switch which main- 
tains its coil circuit over auxiliary interlock contacts C1-C2 is equipped 


DC LINES ACLINES 



with additional normally closed interlock contacts These con- 

tacts open when the A.(\ swit(‘h closes and break the D.C. circuit 
When the motor is disconnected from the A.C. lines by pressing the 
stop button to open the A.C. switch, auxiliary contacts close 

and energize coil B which closes the D.C. switch or contactor to supply 
D.C. power to the motor for a length of time depending on the setting 
of the timing relay. When the timing relay functions it opens its 
contacts TC to open the D.C. contactor or switch. The timing relay coil 
remains energized to hold the circuit for coil B open until it is opened 
again by the closing of starting switch. At this time the timing relay 
coil is also de-energized to be in readiness for the next braking opera- 
tion. The time in which the motor will stop is determined by the 
amount of D.C. current supplied to the motor, and the current is 
adjusted by introducing the correct amount of resistance either by 
means of a tapped fixed resistor or a variable rheostat. The timing 
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relay is adjusted to fun(*tion when the motor has stopped or attained 
the desired reduced speed. Wh«Teas dynamic* braking may be em- 
ployed with A.C. motors, it is more suitable for use on D.C. motors. 
A more practical method of stopping A.C. motors electrically is by 
means of plugging, which involves only A('. power and A.C. 
equipment. 

ELECTRICAL BRAKING BY PLUGGING. Most A.C. mo- 
tors, both single and polyphase, r*an be built for reversing service. 
Polyphase A,C, motors are inherentlv rev('rsil>le Ix'cause they can be 
reversed by merely rever^^ing an\ two lines. When the lines are re- 
versed while the motor is running, a (‘ounter-torque is developed 
which causes the motor to stop qui(‘kly and then start running in the 
opposite direction. If the power is interrupted at the instant that the 
motor starts in the opposite direction, the rotor will turn slightly and 
then stop. This method of stopping is called plugging and the device 
used, in conjunction with a reversing controller to accomplish quick 
stopping is called a plugging switch or a zero speed switch. A plugging 
switch is designed to stop the motor, but not at zero speed. A zero 
speed switch is a plugging switch incorporating a sensitive governor 
which functions to stop the motor at exactly zero speed. 

Plugging switches are designcfl in various ways so that they can 
be belt driven from an auxiliary pulley on the shaft of the motor or 
driven machine, geared to the sh<aft, or direc'tly coupled to the shaft. 
A plugging switch designed for direct coupling ivS shown in Fig. 7. The 
schematic diagram in P^ig. 8 illustrates a plugging circuit consisting of 
an across-the-linc reversing switch (starting switch and plugging con- 
tactors), and a plugging switch. A plugging switch, P"ig. 7, consists of 
solenoid, friction wheel, pivoted friction arm equipped with brake tin- 
ing^ and a switching mechanism. 

When the motor is started, the solenoid is energized and raises 
the friction arm (which is under spring tension) free from the friction 
wheel to permit contact disk D to float in the neutral position. When 
it is desired to plug the motor, the operator presses the stop button to 
disconnect both the starting switch and the solenoid in the plugging 
switch. The friction arm is pulled down by the spring against the 
rotating friction wheel, which moves the ann around so that contact 
disc D closes the circuit between contacls I and 3 to close the plugging 
contactor. The contactor supplies power to the motor with two lines 
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starters and motors to divide the burden of service and to insure con- 
tinuity of service. The control panel is most commonly used for 
controlling water and compressor pump motors on water and air- 
conditioning systems. 



Fig. 8, Schematic Diagram of Revoramg Switch and Plugging Relay 


For many pump applications, two small motors are used instead 
of one large motor to provide more flexible and dependable operation 
for a varying seasonal or daily demand, or anticipated increase in 
demand at a future date. For example, a pump application may 
presently require a varying demand of 15 to 50 h.p. with an average 
normal demand of 25 h.p. and later may require as much as 60 h.p. 
In this case it would be advisable to use two 30 h.p. motors instead of 
one 60 h.p. motor so as to have a standby unit in case of trouble. A 30 
h.p. pump would operate intermittently to supply a 15 or 20 h.p. 
demand and for prolonged periods under such a condition the service 
on the two motors can be alternated for alternate periods of load 
and rest. In case of trouble with one unit the other can be operated 
continuously or intermittently, as required, while the idle unit is 
being repaired. 

Construction. For this type of installation, dual equipment — ^that 
is, two pumps, two motors, two starters, and two disconnect switches 
— ^is used with the control panel and auxiliary pilot-control devices. 
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The panel consists of an assembly of three control relays and a pair 
of control fuses as shown in Fig^. 9. A schematic diagram of connec- 
tions is illustrated in Fig. 10, in which the control fuses and control 
relays ICR^ 2CR, and SCR constitute the duplex panel. The control 
devices 1 and 2 may be pressure switches^ thermostats, float swit(*hes, 
or other two-wire control devices. For the sake of clarity in explain- 
ing the operation of the panel, itwill now be assumed that float switches 
are used and that they operate to keep a storage tank full of watei. 
The selector switch is used to provide flexibility of operation in a 
manner whicli will he ex])laincd. 



I IK f*i lot -Control Panel fat AlfeinutiuK 

Operition of Two Motois 

Courtfsfj oj il I f n-Hradleu Company Miluaukee Wisnmsin 


Operation. It should be remembered that when current flows 
through and operates the coil of one of the relays, the coil operates all 
its contacts, closing all those which arc normally open and opening 
all those which are normally closed. For example: In Fig. 10, when 
the coil SCR operates, it operates all contacts marked SCR, Then the 
normally open contacts SCR between 19 and 20 are closed ; the nor- 
mally closed contacts SCR between 15 and 16 are opened; and so on. 
The operation of the duplex panel is as follows: When both motors 
are to })e pla(*ed in service for alternate and/or simultaneous opera- 
tion, the two disconnect switches are closed and the selector switch lever 
is placed in the position marked l(!(c2. The cams of the selector switch 
close the contac^ts between 2 and S, and 6 and 7. When the water 
level in the tank reaches the low limit of float swit(‘h, device 1, the 
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switch will connect SCR coil across the lines through normally closed 
contacts 2CR and ICR between 19 and 16, Then current flows 
through relay coil SCR and causes it to perform four operations. 
First, relay SCR maintains its coil circuit over normally open con- 
tacts SCR, located between points 19 and 20; second, relay SCR 
closes starter 1 over circuit 1 -2-3-4; third, relay SCR opens the ICR 
coil circuit by opening the normally closed contactor SCR between 
points 15 and 16; and fourth, this relay SCR closes 2CR coil circuit 
over 9-10-11-12, If the load demand increases to the extent that 
the level continues to drop to the low-level limit of float switch 2, 
then device 2 will close starter 2 over circuit 5-6-7 4 and the two 
motors will operate simultaneously. 

When the demand decrease's and level rises to the upper limit of 
float switch 2, then device 2 will disconnect starter 2 to leave only 
starter 1 in service. Next, if the demand continues to decrease to per- 
mit the water lex el to rise to the upper limit of float switch 1, then it 
will disconnect starter / and both motors will be idle, or shut down. 

However, control relay iCR remains (‘losed over its normally 
open contacts in circuit 9-10-11-12, Its remaining contacts, between 
19 and 20, lock out (*oil SCR circuit and estal)lish the circuit for coil 
ICR betAveen 14 and 15 for the next operation. 

When the water level lowers enough to reclose float switch 1 it 
will energize (*oil ICR, When relay ICR closes, its ICR contacts close 
starter 2 over 5-6~7-8, open 2CR coil circuit between 11 and 12, and 
lock out coil SCR by opening the (‘inaiit l)etween 20 and 16, If float 
switch 2 closes it will connect starter 1 over circuit 1 -2-3-8 for 
simultaneous operation. In order to insure the closing of ICR coil 
before 2CR coil opens, relay ICR is equipped with overlapping con- 
tacts as indicated on the diagram. When flont switch 2 opens, it dis- 
connects starter 1 and when float switch 1 opens it disconnects 
starter 2 and all the control relays in readiness for the next cycle of 
operation, which is a rei)etition of the one first described. 

Disconnecting Starters. If it is desired to disconnect both 
starters, the two disconnect switches must be opened and the selector 
switch placed in the off position. This lea\’es both starters completely 
dead for servicing. 

When it is desired to disconnect '^tarter 2 for servicing or for 
other reasons, its disconnect switch is opened and selector switch is 
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placed in position 1 to close the contacts between 2 and 5, and 2 and 7 
to permit starter 1 to operate whenever float switch 1 , or both 1 and 2 ^ 
are closed. The power and control circuits of starter 2 are entirely 
disconnected for servicing. If starter 1 is disconnected, selector 
switch is placed in position 2 to allow starter 2 to operate whenever 
either or both float switches are closed. 

This duplex panel can be used with any standard type of auto- 
matic starter t^n any type of duplex motor application which is to 
operate in a manner similar to that described. 

AUTOMATIC INTERLOCKING CONTROL 

SPECIAL MACHINE APPLICATIONS. The remarkable 
progress during recent years in mass production of all kinds of prod- 
ucts and machines is due to the rapid development of automatic ma- 
chines and machine tools, which perform a multiplicity of operations 
automatically and at high rates of speed. 

Some machines which are designed to perform automatically a 
relatively few operations may require only one, two, or three motors. 
Others which must perform many and more intricate operations, may 
require anywhere from a few to fifty or more motors with various 
speed and torque characteristics, controlled so as to operate in proper 
time and mechanical sequence, to produce an uninterrupted flow of 
finished products. The successful operation of these machines de- 
pends on reliable motors and control. The motors employed for 
various operations may be any of the different standard types that 
are available, squirrel-cage, slip ring, or multispeed. The automatic 
interlocking control for all the motors may consist of any number of 
different types of devices such as starting switches, accelerating con- 
tactors, reversing switches, resistors, control relays, timing relays, 
pressure controls, temperature controls, time clocks, motor-driven 
timing relays, limit switches, plugging relays, push buttons, and 
others too numerous to mention. 

Since automatic machines perform many operations by means 
of intricate mechanical motions and electrical functions, it naturally 
follows that the control for the motors on these machines is rather 
complex in structure and operation. The mechanical motions of the 
driven machine may be produced electrically, hydraulically, or by a 
combination of the two, and all function^ must be correlated so as to 
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produce the operations which the machine must perform. For ex- 
ample, the rotation of an electric motor will produce a mechanical 
motion which in turn will operate an electrical pilot device, such as a 
limit switch, to actuate a magnetic switch that starts another motor. 
This second motor may start an oil pump which, by means of hy- 



Fig. 10. Schematic Diagram of Connections for Two Starters Controlled 
by Duplex l*ilot-Control Panel 

draulic pressure, will close a pressure switch that closes another 
starting switch to connect another motor, and so on. All of the 
motions and functions must be mechanically and electrically inter- 
locked so as to perform the machine operations in proper order. 

Electrical power can be directly translated into two kinds of 
motions — straight-line and rotary. The straight-line motion can be 
produced to a limited degree by means of a solenoid. The limited 
motions can be amplified by a system of linkages or levers to operate 
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such devices as valves, clutches, brakes; locking;, indexing and posi- 
tioning mechanisms, and other devices requiring limited power and 
motion. Other straight-line motions may be produced hydraulically, 
or by converting rotary motions produ(‘ed by electric motors. 

Rotary motions of* the slow-speed type can be produced mechan- 
ically or hydraulically by means of a rack and pinion, rachet wheel, 
or similar devices. High-speed motions are produced by motors. The 
motions may vary with respect to speed, torque, and number of 
revolutions. Ea(*h high-speed motion must be carefully analyzed for 
determining the type of motor which will provide the proper charac- 
teristics. Rotary motions which are produced entirely by means of 
electric power are saws, grinders, and drilling, tapping, boring, and 
milling machines, and so on. These machines are usually driven by 
motors, and the number of motors employed is determined by the 
number of motions to be produced, and the relationshij) between 
initial and operating cost of the equipment and the rate of production. 

Because of the complexity of the problems encountered in the 
field of machine applications and operations, it is essential that the 
designer of the machine possess some knowledge of electrical control. 
Likewise, the designer of the control should possess some knowledge 
of the machine and its operations. Then the two can understand each 
other^s problems in working out control whicli will perform accu- 
rately, dependably, and efficiently. After the method of driving the 
machine and producing the various motions have been determined, 
it is necessary to determine the best method of producing the mo- 
tions. It is then necessary to decide upon the interloc^king arrange- 
ment and kind of control to produce the motions in proj)er order. 

Selecting Control. Some of the essential questions to be con- 
sidered in selecting the control equipment are: (1) What means will 
be employed to start the machine — manual or automatic- -and will 
it be started, initially, with or without the load connected ? (2) Gan 
aeross-the-line starting be used, or is it necessary to employ reduced- 
voltage starting to prevent shock or excessive strain on the machine 
or the work being pro(*essedy (3) Does the load consist of friction, 
inertia, or a combination of the two? (4) Will the machine be stopped 
manually or automatically, and will it be allowed to coast to a stop 
or must it be stopped quickly with a plugging or zero-speed switch? 
(5) Is it necessary to employ magnetic brakes for stopping and hold- 
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Fig. 11. Elementary or Line Diagrim for C'ontrol Panel on Seven-Motor tSpar Milling Machine 


ing the machine or some part of it in a definite position for a certain 
length of time? ((>) Are indexing operations required between various 
operations for entering and removing the work being processed? 
(7) Is setting up or inching, reversing, or speed regulating required, 
to what degree and during which cycle or cycles of operation? (8) Are 
timing cycles or motion limits necessary, and to what degree of 
accuracy? 

Other essential considerations in designing the control are safety 
for operator, machine, control, and motors. These involve no-voUdge 
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protection against accidental starting of the machine following 
restoration ol power after a power failure; protection against faulty 
operation; overload protection tor the motor, and overtravel protec- 
tion for limited motions ot the machine. 
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J[<ig 12 Control Panel for Seven-Motor Spar Milling Machine 
Courtesy of iUen-Bradley Company Milwaukee^ Wtsconstn 


Design Procedure. With all the preceding information at hand, 
the control designer proceeds with the construction of a line diagram 
similar to the one shown in h"ig. 1 1 to determine the kind and number 
of devices and the manner of wiring and interlocking. After the line 
diagram is completed and carefully checked, the designer writes the 
specifications for the materials and devices so that the draftsman or 
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layout man can lay out a properly arranged and well-constructed 
composite control panel. Working drawings and a complete wiring 
diagram are then made and turned over to the production department 
for construction and wiring. When finally completed, the composite 
control panel appears as shown in Fig. 12. This control panel was 
designed for controlling the seven motors mounted and used on a 
milling machine designed for making the wing spars for airplanes. A 
line diagram of the panel is shown in Fig. 11. 

You will notice that the wiring shown in Fig. 12 is arranged 
neatly and toward the back part of the panel. The alternating- 
current supply lines are at the top on the left, and the starter switch 
for the largest motor is mounted directly below it. The motor ter- 
minals for the largest motor are at the lower extreme left on the panel 
and are marked Ti, T2, Tz, for the spindle motor. The other motor 
terminals are marked on the bottom terminals strip, Tw, Tvi, Tn, 
for the next, 7^21, ^22, and T23, and so on, up to the last right-hand 
terminal board, which is marked Tzi, 7^62, Tzz. These numbers on 
the controller terminals correspond with the numbers indicated on 
the motors, Fig. 11, and in the wiring diagram Fig. 13. 

The control strip terminals are arranged as shown in Fig. 12, 
and are numbered 1 at the left to 28 at the right. The three right- 
hand terminals each are marked 28 in order to provide three terminals 
to which the returned circuit from the push-button stations can be 
attached without placing several wires on the same terminals. This 
provides convenient connection since there are several push-button 
stations, Fig. 13, each of which must have a wire 28 going to it. The 
wiring of the switches, Fig. 12, is shown in detail in the wiring diagram 
in Fig. 13. The heavy lines indicate the main circuits through to the 
motors, and the lighter weight lines indicate the control circuits from 
the push buttons to the controllers or starting switches. 

It will be seen by referring to Fig. 1 1 that five of the seven motors 
can be started in any order desired by simply pressing the starting 
button. However, the feed motor on the mw and the feed motor on 
the spindle cannot be started until oil pump 2 and oil pump 1 have 
been started. This is shown in Fig. 11 by the contactors marked oil 
pump 2 and oil pump 1. This contact in addition to holding the oil- 
pump contactor closed also provides a circuit through the jog push 
button and the run push button on those push-button control sta- 
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tions, Fig. 13. The feed motors on the spindle and the feed motors on 
the saw are stopped by jam relays. These relays are operated by the 
main eurrent of the middle phase to the spindle and saw motors pass- 
ing through the relay windings. When the current exceeds the setting 
of the jam relays it opens the circuits of t\\Q feed motors, thus slowing 
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down the feed motors until the (Aerload on the saw or spindle has 
been renuned. 

CONTROL PANEL FOR 43 MOTORS. The control panel 
shown in Fig. 14 was designed for controlling 43 motors of various 
sizes used for operating a large conveyor system in a foundry. The 
main alternating-car rent supply comes into the three lugs on the end 
of the bus at the right. Connection to the switches for the different 
motors are made through the branch circuit fuse box and disconnect 
switch, three of which are shown in position. Provision is made for 
mounting four more branch circuit fuses and disconnecting switches, 
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directly below the bus. A transformer at the upper right-hand corner 
of the panel supplies current for operating the control circuits. The 
control circuits are protected by the control fuses. A large deep wiring 
trough is provided for making a connection and bending the cables 
into the conduit. This will be attached to the end top and bottom of 
the control panel The control wiring for the push buttons is placed 
adjacent to the three mam motor terminals. Each of the storting 



iig 15 Large Airplane Spar Milling Mu< hine Operated b^ Seventeen Motors 
Courtesy of hamham Manufacturtny Company Buffalo Neu York 


switches and the motor controller are assembled with the same desig- 
nation or number as is given to that motor in the foundry. 

Control for Milling Machine. Another much larger spar milling 
machine operated by seventeen motors is shown in Fig. 15. This 
machine is designed and built to machine completely, in one setting, 
a spar cap of the inner wing of a twin-engine airplane bomber. The 
machine consists of a 30-foot bed upon which ride three independently 
fed carriages. The heads of the center carriage are equipped with two 
SO-h,p. motors and one 20-h,p, motor; each of the two end carriages 
is equipped with one 10-h.p, and one 5-A.p. motor. All operations are 
performed simultaneously under a flood of coolant supplied by two 
300-g.p.m. pumps driven by two 5-h.p. motors. The center head is 
equipped with a 3-h.p. two-speed horizontal feed motor; and each of 
the two end heads is equipped with a two-speed horizontal 
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^ I" each one 

of the heads is equipped with a J^h.p. oil-pump motor 

The seven motors on the three heads which drive the multiple- 
spindle cutting tools can remove a total of 220 cubic inches of dLl 
metal per minute and complete a spar in 15 to 20 minutes. By 



nethods used prior to the design and construction of this machine, it 
required 60 hours to make the same type of spar. This means that 
the machine can produce from 180 to 240 spars in the time required 
to produce one spar by the old method. 

Control for Lathe. Another type of control panel is shown in Fig. 
16. This panel is designed for controlling the motor on a lathe. It 
provides full voltage for starting and reduced voltage for plugging for 
quick stopping. The residors at the right are introduced when the 
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motor is reversed, so as to reduce the degree of plugging and prevent 
undue strain on the driven machine and the work. The stopping 
time, which is determined by the magnitude of plugging current, can 
be adjusted by changing the connections on the resistors. The plug- 
ging relay (not shown) is a separate device which is directly con- 
nected to the shaft of the motor or machine. 

Control Station Devices. Some of the various types of push- 
button control stations used with automatic control are shown in 
Fig. 17. These types vary with respect to (‘ontact arrangements, 
interlocking, style, and enclosures. 



Fir 17 Exteriors of Different Styles of Control Stations 
Courteny of ALlen-BnuUey Company Milwaukee Wtaconsm 


In Fig. 17, Nos. 1, 2, 10, 12, and 20 have H-button stations 
marked Forward, Reverse, and ^top used to start, stop, and reverse 
direction of rotation of motor. No. 3 is a wall-switch type of start- 
and-stop station, usually mounted in the wall. It is often provided 
with a pilot light to indicate when the motor or device is operating. 
No. 4, water-tight, operated by thumb lever having On and 0^ 
stations. Nos. 5, 8, and 9 are start-and-stop 2-button stations. In- 
ternal view is shown in Fig. 18. No. 0 is a stop-button station. No. 7 
is a two-position selector switch operated by turning the pointer 
knob. The positions are marked Auto. (Automatic) and Hand. A 
three-position switch marked Auto., Off, and Hand is shown at No. 13. 
No. 11 is a start-button station. Nos. 14 and 15 are two-button sta- 
tions provided with a stop-locking bar (bottom) which can be used 
for locking the stop circuit open. Nos. 17 and 18 are two-button 
stations used in hazardous gas or dust locations, such as refineries, 
distilleries, flour mills, and so on. Nos. 19 and 20 are 2- and 3-button 
stations with cast-iron covers where operating conditions are severe. 
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The contacts may be normally open, Start button, Fig. 18, or 
normally closed, Stop button, Fig. 18, or combinations of both. They 
may be momentary opening or closing, or maintained so as to remain 
in the position placed until released by the operator. For many 
applications they are equipped with interlocking circuits, indicating 
lamps, multiple circuit contacts or combinations of these features. 
With respect to style they can be furnished for surface mounting, 
flush mounting in walls, flush mounting in cavities of machines or 
flush mounting on panels. Enclosures of v arious types arc available 



for protecting the mechanism from all kinds of surrounding condi- 
tions such as dust, moisture, or acid-laden atmosphere. 

Push-Button Panels. The push-button control panel in Fig. 19 
is a special assembly equipped with indicating lamps, designed for 
a control panel used on a large conveyor system having 15 motors. 
It consists of a pilot light below the name plate, a start button (dark) 
and a stop button (light color). 

Various types of pilot control devices are shown in Fig. 20. The 
limit switches may be generally classified with respect to operation 
as push type, roller type, fork type, track type, and gear-driven type. 
Most of these types can again be classified with respect to motion as 
slow action and snap action. The slow-action types are used when 
the actuating mechanism travels with sufficient speed and overtravel 
to insure positive operation. The snap-action types are more com- 
monly used because they are suitable for practically all applications. 
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Fig. 19. Push-Button Panel with Indicating Lamps Used to Start and Stop Fifteen Motois on a 

Conveyor vSystein 

Courtesy of Allen-Bradley Company, Milwaukee , Wtaconain 

They are somewhat costlier than the slow-action types but are more 
dependable for positive operation. The units marked 1, 2, and 3 are 
fully enclosed lever-operated limit switches. The units marked 4 and 
6 are gear-driven limit switches which can be set for any number of 
revolutions of the motor or driven machine. Unit 7 is a plugging 
switch and unit is a zero-speed switch. 

The control panels, control stations, and pilot devices shown 
and described in this section will give the reader some idea of the 
intricacies of automatic interlocking control. Almost every special- 
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madiine application requires tailor-made control and the control 
devices necessary to perform the innumerable operations are almost 
unlimited. 



2 i 



5 6 7 8 

Fig 20. Exterior View of Levcr-Opernted I imit Switches and Interior Views of Plugging Relays 
Courtehy of Allen- Bradhy Company Milwaukee, Wtaconstn 

INSTALLATION, INSPECTION, AND MAINTENANCE 
OF CONTROL 

The importance of proper installation and periodic inspection 
and servicing of control equipment cannot be too strongly emphasized. 
Because of the severe demands placed on mechanical and electrical 
equipment, it naturally follows that trouble or failure is bound to 
occur sooner or later, even though the equipment is designed and 
built to conform with the highest degree of engineering standards. 
Machines, like men, become fatigued and eventually fail, but the life 
of both may be prolonged if properly cared for. 

INSTALLATION. The location and installation of control equip- 
ment must be given careful consideration. These factors should be 
considered from the point of accessibility, temperature, surrounding 
hazards, atmospheric conditions, and protection against mechanical 
injury. The control should not be installed near boilers, radiators, 
furnaces, steam pipes, plating tanks, or in dust, moisture, or gas-laden 
atmosphere. It should be protected from mechanical injury which 
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might be caused by trucks, cranes, conveyors, or other material- 
handling equipment. It should also be protected from the splashing 
of water, oil, and other harmful liquids which will interfere with op- 
eration of the control. If it is impossible to avoid hazards by selection 
of location, the (‘ontrol should be incased in the [proper type of pro- 
tective enclosure, such as dust-tight, watertight, oil-immersed, or 
explosion-proof. 

If after the installation has been completed it is found that the 
equipment does not function j)roi)erly, the trouble may be due to one 
or more of the following reasons: (1) The motor may be incorre(‘tly 
connected to the control. To find the trouble the connections should 
be checked with the diagram which accompanies the control. (2) The 
motor may be overloaded because the size selected is too small, l^o 
investigate this possibility the current should be measured with an 
ammeter while the motor is operating with maximum load and if the 
current is found to be too high the load must be reduced or a larger 
motor and controller must be installed. (3) The voltage at the motor 
terminals may be too low because of overloaded power lines. This 
will cause the control to operate unsat isfac'torily or to cause the 
motor to overheat. To discover this condition, the voltage should 
be measured with a voltmeter while starting the motor and also when 
the motor is running at full speed. If the voltage is low it must be 
remedied by reducing the operating load on the power lines, or by 
installing more copper to carry the load and thus reduce line-voltage 
drop. (4) The horsepower rating of the controller may not be the 
same as the rating of the motor, or the voltage and frequency of the 
control, motor and power lines may not be in agreement. In that case 
steps must be taken to correct the discrepancies. (5) If the motor 
has been operating, stops, fails to start, fails to stop, or does not 
perform properly when the control is operated, it may be caused by 
defective power or control connections or wiring. The power connec- 
tions between control and motor should be checked with the con- 
nection diagram and all power terminals on motor, and controller 
and pilot-control terminals on controller should be checked for firm 
and rigid connections. Loose connections produce a high-contact 
resistance which in turn produces a high-voltage drop across the loose 
contacts and reduces the voltage where it is essential for satisfactory 
performance of the equipment. 
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PERIODIC INSPECTION AND MAINTENANCE. After the 
equipment is made to operate satisfactorily it is essential that the 
complete installation be periodically inspected accordiiipj to a planned 
schedule. The frequency of inspection is largely determined by the 
severity of the service on the equipment. In some cases once every 
month may be sufficient, whereas in other cases once every two 
weeks, once every week, or even once every few days may be neces- 
sary. 

Since it may be expe(‘ted that sooner or later trouble will occur, 
the inspector or service man should familiarize himself with the equip- 
ment under his care. Knowledge of the principal causes of trouble 
will help him to adopt appropriate measures to prevent such causes. 
Some of the comrion causes of trouble, their remedies and preventive 
measures, are explained on the following pages. 

Dust. Dirt, moisture, and all kinds of dust are detrimental to 
satisfactory performance of control and motors and should be re- 
moved as often as necessary. In dusty locations dust-tight equipment 
should be used and in a moist or damp atmosphere it is advisable to 
use watertight equipment. 

Cleaning Contacts. Oxidation and corrosion greatly interfere 
with the operation of contacts and moving parts. Copper oxide is a 
nonconductor of electricity and when c‘opper contacts are oxidized 
they will make poor contact for conducting current, or if badly 
oxidized will even prevent any current from flowing. Such copper or 
brasf^ contacts must be frequently dressed with a file or cleaned with 
sandpaper. The contacts need not be absolutely smooth for satis- 
factory operation. Contact trouble caused by oxidation may be 
avoided by using contacts made of silver alloy, because silver oxide 
is a conductor of electricity. Contacts made of siher do not require 
dressing and manufacturers of controls with this type of contact 
caution against dressing because it reduces contact life by destroying 
valuable contact material. Replacement of silver contacts is made 
only when all of the silver alloy is worn away. 

Corrosive Vapors. Chemical fumes and acids increase the rate of 
oxidation and corrosion and where these elements are present it is 
advisable to use oil-immersed equipment. If the fumes are explosive 
it is necessary either to use explosion-proof enclosures or to install 
the control remote from the adverse atmospheric conditions. 
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Oiling. To prevent corrosion of bearings and other close-fitting 
moving parts it is necessary to oil such parts frequently, but sparingly, 
with light oil. Grease or too much oil causes an accumulation of dust 
which interferes with operation. 

Voltage. Abnormally low voltage will cause the entire installa- 
tion to perform improperly. Standard coils on control equipment are 
designed to operate at 85 per cent of normal rated voltage and trouble 
is sure to occur if it falls below this value. The voltage condition 
must be corrected by voltage regulating or boosting equipment or, if 
the lines are overloaded, additional copper must be installed to carry 
the load. Excessively high voltage will overheat and damage or burn 
out coils. Standard coils are designed to withstand 110 per cent of 
normal rated voltage. High voltage should be corrected by the sup- 
plier of the power. 

Magnet Cores. Sluggish operation of contactors may eventually 
cause complete failure of operation. In a complex control panel the 
unsatisfactory operation or failure of one small contactor will cause 
the entire installation to become inoperative. The bearings of all 
contactors should be frequently checked for free operation, and the 
magnet poles inspected for dirt, rust, or any foreign matter between 
the pole faces, which may prevent the contactor from closing prop- 
erly. Besides interfering with the operation of the contactor, obstruc- 
tions between the pole faces may maintain an open in the magnetic 
circuit and cause the magnet coil to burn out. Therefore, the inspec- 
tion of magnets is highly important. Dirt or other foreign matter 
found in the magnetic circuit should be removed with a cloth and 
cleaning solvent, but the pole faces must not be filed because they are 
ground to a high degree of accuracy to produce a perfectly close fit 
when the magnet is closed. 

Shading Coils. Shading coils are used to produce steady pull and 
quiet operation of A.C. magnets, and usually consist of one turn of 
copper wire or bus imbedded in the armature or base of the magnet. 
When a shading coil is broken, it becomes useless and the contactor 
will chatter very noisily. The same noise in a lesser degree is produced 
by dirt between the pole faces. If a broken shading coil is found it 
must be replaced. 

The construction of a shading coil is illustrated in Fig. 21 which 
shows the plunger and part of the laminated magnetiocore around the 
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coil. The direction of the magnetic lines of force through the core and 
plunger is shown by long arrows. These are produced by the con- 
tactor coil. With alternating-current flowing through the contactor 
coil, the lines of force will change as the direction of current-flow 
changes in that coil. When the current decreases to zero and changes 
its direction of flow in the contactor coil, the magnetism or lines of 
force (shown by the long arrows) will also decrea&e to zero. When the 
lines of force are zero, there is a tendency for the plunger to drop 
away from the core. Then as the magnetic lines of force increase in 



Fig 21 Left, T^cation of Shading Coil in M >«net Right Diagram of 
Magnetic Lines of Force in Shading Coil, Contactor Coil, and Plunger 


the opposite direction, the plunger is pulled back tight against the 
core. This occurs 120 times in a second in a OO-cycle alternating- 
current circuit, and produces quite a chatter of the plunger. 

In order to reduce this chatter, a copper or brass ring called a 
shading coil is placed in the con as shown in Fig. 21 . This coil operates 
on the principle of a transformer which has a short-circuited sec- 
ondary winding. 

When the magnetic lines of force are decreasing to zero, a voltage 
is produced in the shading coil. Since the ring is short, of low re- 
sistance, and a complete electrical circuit is formed, a current flows 
around through this ring. This electric current flowing through the 
ring produces a magnetic field around the ring as shown by the dotted 
lines and arrows. This magnetism produced by the shading coil is 
greatest when lines of force produced by the contactor coil are de- 
creasing to zero. These lines of force through the core and plunger 
are shown by long arrows, Fig. 21. Thus the magnetism of the shad- 
ing coil will tend to hold the plunger and core together and prevent 
the plunger from dropping down. Since this magnetism occurs when 
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the magnetism from the contactor coil is zero, there is always some 
magnetism between the core and plunger to hold those two iron 
pieces together. 

An open circuit (a break) in the shading coil will not allow any 
current to flow through it because its circuit is not complete. Hence 
the lines of force shown about the shjuling coil in Fig. 21 will not be 
produced, and the plunger will chatter against the core. 

Poor Contacts. I^)ss of pressure on contacts caused by heating 
of springs or badly worn or burned contacts may be the cause of 
serious trouble. Loose (*ontacts cause high resistance with resulting 
high voltage drop and high temperature. If allowed to operate with 
improper pressure the tem])erature may bec*ome high and cause 
welding which pre\ cuts j)artiug of the contacts when the coil is de- 
energized. A rebounding of the contacts due to improper relation of 
springs and magnet parts may cause the same trouble. When con- 
tacts open momentarily during the closing motion an arc is created. 
This causes small particles of the contact material to melt and weld 
the contacts when the\ reclose after the rebound. In either case the 
welded condition will not be discovered until an attempt is made to 
stop the motor. Then it is found impossible to stop the motor be- 
cause of the failure of the contactor to open and interrupt the power. 
Welding causes a serious situation because the machine will not stop 
when it should. Such a situation may cause damage to the work, the 
motor, the driven machine, or serious injury to the operator. 

Therefore, contacts should be inspected frequently for pressure, 
and contactors should be observed for indications of rebounding. 
Faulty springs, worn or burned contacts, and any other worn parts 
should be replaced and the contactor should be adjusted to restore 
satisfactory operation. The use of control with silver alloy contacts 
will materially reduce the possibility of welding. 

Loose Connections. Loose connections on the control or motor, 
caused by vibration or by expansion and contraction produced by 
changing temperature are another common source of trouble. They 
cause rising temperature, increased resistance, and high-voltage drop. 
An increasing resistance causes a still higher temperature with cor- 
respondingly higher-voltage drop. This action is cumulative and may 
cause a condition approaching an open circuit. All push buttons, 
limit swit(‘hes, pilot devices, and all power contactors and motors 
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should be inspected for loose connections and worn or loose contacts. 
Loose connections must be made secure and worn parts should be 
replaced. Vibration may be reduced by placing rubber, cork, oi* felt 
between the control and its mounting base. 

Friction between moving parts, sticking of magnets, and 
mechani(‘al interference of motions and devices may be caused by 
misalignment of parts. These conditions must be corrected by 
making proper adjustments. 

Ordinary use causes parts to becotne worn, some wearing out 
faster than others. These parts and others which are vital to the 
operation of the control should be checked frequently and replaced 
when they show signs of excessive wear. 

An open or burned -out coil will interfere with the performance 
of the (‘ontrol and may cause it to become entirely inoperati\"e. If 
the magnet can be closed by hand but not with normal voltage 
applied directly to the coil terminals it is a sure indication that the 
coil is open and must be replaced. 

Relays. Frequent tripping of overload relays causes undesirable 
and annoying interruptions in the operation of machines. This may 
be due to a defe(‘tive relay, but in most cases it is caused by sustained 
overloads on the motor. Overload relays perform the important 
function of protecting the motor and frequent tripping should be a 
warning to the operator and inspector to make a thorough investi- 
gation of the cause of tripping. Overload relays of the resistance 
thermal type should be allowed to cool and permit the solder to 
solidify before attempting to reset after the relay has tripped. 
Premature resetting may result in damage to the relay. The time 
required for solder to set is from one to two minutes depending 
on the operating conditions. Before resuming operation the motor 
should be checked for free rotation and the overload condition 
should be removed, if one exists. 

Motors. Motors as well as their control may be the cause of 
trouble and they also should be inspected frequently. They should 
be oiled at regular intervals and checked for tight bearings and belts, 
as well as for misaligned gears, couplings, and pulleys. The motor 
and all moving parts of the load should operate freely. All grease, 
oil, dust, and dirt should be removed from the windings to prevent 
electrical failure. 


355 



34 


RESISTORS CONTROLLING MOTORS 


Worn bearings in motors cause a displacement of the rotor and 
increase the load. If allowed to continue operating under this 
condition the load current may become so high that the windings 
will be damaged. Also the displacement of the rotor may result in 
mechanical injury to the windings. 

A broken wire, high resistance connection, or a blown fuse will 
cause a polyphase motor to operate as a single-phase motor; and 
unless the motor is properly protected with overload relays, it will 
overheat and possibly burn out a winding. If a single-phase condition 
occurs while the motor is running, the motor may continue to run 
slow if the load is light, or it may stop if the load is heavy. If it 
continues to run, the single-phase condition can be detected by 
a distinctive single-phase hum. If detected, the motor shpuld 
be disconnected to prevent the possibility of damage to the motor 
windings. The motor may be restarted after the circuit has been 
restored. 

MAINTENANCE OF CONTROL. The informed and experi- 
enced service man knows that it is unwise to gamble with obsolete 
or worn-out equipment. This is especially true in cases where 
continuity of operation is of vital importance. Using modern and 
well-kept equipment is the best insurance for avoiding trouble 
and interruptions in operation. 

Spare Parts. To be prepared for emergencies, a complete set of 
spare parts such as magnet coils, contacts, springs, shading coils, 
contact supports, and all parts subject to considerable wear is 
indispensable. One of the curses of emergency repairing is the 
necessity for making a makeshift part. Making homemade parts 
may seem economical, but in the end it may prove extremely costly 
because of unsatisfactory performance or long delays in operation. 
The manufacturer of the equipment with years of experience has 
given careful study and much thought to the design, develop- 
ment, and manufacture of every part of the product and can supply 
spare parts that will be more dependable and economical than 
homemade parts. 

Repair Parts. For standard devices, the manufacturer can 
usually supply repair part lists which show a drawing of the device 
and lists the various parts and prices. For semistandard and special 
equipment the manufacturer upon request will furnish drawings 
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of the devices which constitute the equipment and make up part 
lists of all the parts involved. In addition, if it is requested, the 
manufacturer will make recommendations concerning the kind 
and number of parts that should always be kept on hand to insure 
uninterrupted service. 

Infrequently, troubles of an obscure and baffling nature occur. 
In such cases it is usually necessary to employ the service of special- 
ists. These men will make exhaustive tests to locate the cause of 
the trouble and will recommend corrective remedies. 

As previously mentioned, the use of high-grade modern equip- 
ment is the best insurance for dependable and satisfactory per- 
formance. However, the use of good equipment creates a tendency 
to expect it to function indefinitely without much attention, and 
the equipment ultimately fails because of the lack of proper care, 
and is then discredited. The only sqund policy is to use the best 
equipment and give it the best attention by vigilant watchfulness, 
periodic and careful inspection, and first-class maintenance. 
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Insulation 

coil . . . 199 

slot . . 59 

Interlock, pilot circuit . . 312 

Interlocking contacts 295, 296 

Interlocking control, 

automatic 336-*349 

Intermittent duty resistors 327 


Internal combustion pnme movers. 80 
K 

Kramer and Scherbius systems of 
speed control 100 

L 


Lamp indicator, synchronizing 


alU'rnators by 

104-106 

Lap winding 

142 

Lathe, contiol panel for 

345, 346 

Ijeading cunent 

275 

Limit switches 

317 

Line start motors 

254 

Line switch 

265 

Line voltage 

235 

Load 


base 

78, 79 

no 

• 109 

great mechanical 

231, 234 

liow-torque capacitor-fan motor 90 


Low-voltage automatic across-the- 
Ime synchronoub motor star(er.277 

M 

Magnet cores 352 

Magnet wire, enamel insulated 130 
Magnetic center, rotor and stator 200 
Magnetic controlU^rs 120, 124, 268 

Magnetic fields 43 

Magnetic relay 278 

Magnetic reversing switch 119 

Magnetic starter 120, 126, 294 

Magnetic switch, primary 125, 271 

Magneto tests 180 

Mam-lme switch 126, 317 

Manual across-the-line 

starter 247, 248, 256 

Manual control 207-211, 256 

Manual controllers 284, 287, 303, 

304, 305 

Manual reset overload relays. 


automatic and 

279 

Manual slip-ring control 

271 

Manual starters 

239 

Manually operated drum 


controllers 

121 

Manually operated drum switches 125 

Master control switches 

290 

Meter-reading switches 

290 
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Milling machine, control panel 

^OT 344,345 

Motor circuits, fuses to be used in. 281 

Motor controllers 256, 287-296 

Motor frames 197 

Motor protection 278, 279 

Motors 

adjustable-speed 96-100, 285 

alternating-current commutator. 13 

altitud(j of 83 

Atkinson 15, 16 

bearings of 6-4, 110, 171, 172, 

189, 231 

brushes and commutator of .... 109 

capacitor 10, 26, 90-92, 100, 114, 

1 15, 240-243 

constant-speed 285 

controls for 280, 283-321 

delta-cormect(‘d 186 

direct-current series-wound. ... 88 

fan 11 

fractional horsepower 26 

Fynn-Weichs(‘l 37, 38, 100, 115 

General Electric. . . .19-21, 105, 166 

horsepower rating of 82, 83 

induction 3, 57, 84, 85, 92-95, 

119, 125, 128 

lino start 254 

loose connections on 

controls 354, 355 

multispeed 34, 35, 286 

operation of 69^128 

overloading 110 

polyphase 4, 26-38, 82 

polyphase induction 169-203 

power-factor correction of. . 111-119 

railway 129 

repulsion 3, 13-15 

repulsion-induction. . .16-19, 25, 26, 
87-90, 153-167, 246-252, 285 

reversing 289, 295 

selection of 81-84 

s(»ries 3, 5-8, 13 

series-commutator-typc 88 

shaded pole 240 

shunt 13 

single-phase 3-15, 52, 86-92 

slip ring 33, 95, 125, 126, 128, 

269-275, 303, 309 

fiTlAArl f\j 1 2 

8^it.phase‘.V.‘.V.V.’8^i0,^l^ i3, 240 

squirrel-cage 28-31, 92-95, 112, 

253-269, 285 

standardization and safety 

of 84, 109, 110 

starters of 119-124, 239-281 

starting and controlling 

devices for 1 19-128 

stopping Ill 
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Motors — amtinued 

synchronous 35-37, 85, 86, 100- 

103, 114, 126-128, 205-237, 275- 
278, 285 

three-phase 179 

torque classes of 328 

two-phase 177 

types of 1-38, 84* 92, 285, 286 

universal. . . .5-8, 12t}-151, 244-246 
voltage and current nigulation 

of 109 

voltage and frequency of 83, 84 

Wagner 22-24, 100-165 

wound-rotor 97, 269, 310-321 

wound-rotor induction. . .31-33, 95- 
100, 124-126, 285, 286, 303-311 
Multispeed motor controllers.. 287-303 
Multispoed motors. .34, 35, 93-95, 286 
MultisU'p automatic slip-ring 

motor starter 273, 274 

N 

National Board of Underwriters. . . 197 

National Electrical Code 281 

Noel capacitor motor. . . 100, 114, 115 

N onbreakable resistor 324 

Noncondensing steam turbine 79 

Nonreversing drum coniroller8.310-312 
No- volt age protection. . .313, 339, 340 
No-voltage release 279, 280 


0 

Ohms 

capacity 48 

inauctive 48 

Ohms' law in alternating- 

current circuits 48 

Oil-immersed switch 266 

OjKiii circuit 

in parallel (lap) winding 144 

in stator windings 231 

in windings 179-183 

Overlapping contacts 335 

Overload relays 317 


P 

Panels 

across-the-line starting 220 

control 332-336, 343-349 

push-button 347-349 

Parallel windings 144, 146, 181 

Phase 48-48 

Phase, reversed 185, 186 

Phase angle 47 

Pilot circuit interlock 312 

Pilot control, star-wheel 295 

Pilot control panel, duplex. . . . 332-336 

Pilot control relays 317 

Pitch winding, fractional 60 
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Plain disconnect switch 264 

Plugging) electrical braking 

by 329, 331, 332 

Plugging circuit 331 

Plugging contactor 331 

Plugging switch 331 

Pole motor, shaded 240 

Pole-phase group, reversed . . . 184, 185 
Pole-phase group, short- 

circuited 176-179 

Poles, speed and number of 40-41 

Polyphase induction motors 28-31, 

92-100, 169-203 
Poljrphase motor starters. . . . 110-124, 


253-281 

Pol 3 rphase motors 4, 26-38, 82 

Power factor 47-49, 1 1 1-1 19 

Power triangle of alternating- 

current circuit 49 

Pressure screw 308 

Pressure switches 248, 249 

Primary control switch 271 

Primary magnetic switch 125, 271 

Primary resistor type starter.. 122, 278 

Prime movers for generator. . . .79-81, 

221-223 

Protractor 49 

Push-button panels .347-349 

Push-button stations. 297, 318 


Q 

Quarter-phase system 53 

R 

Railway motors 129 

Reactance 

inductive 47 

in one leg .10, 11 

Reciprocating steam engine 79 

Reduced voltoge automatic con- 
trol 211, 212 

Reduced voltage auto transformer 
type starter, magnetically 

operated 121 

Reduced voltage manual 

control 207-211 

Reduced voltage starter 123, 252, 

255, 261 

Regulators 

generator-voltage 104 

speed 283, 305, 307-310 

voltage 104 

Relays 

automatic and manual reset 

overload 279 

field 215, 216 

frequency 214, 215 

induced field 215, 216 

magnetic 278 
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Relays—iconfmtied 

overload 317, 355 

pilot control 317 

thermal 279 

timing 317 

Repulsion-induction motors 

Baldor 166 

Century 15^160 

Delco 25, 26 

explanation of 246-252, 285 

General Electric 19-21 

single-phase 87-90 

Wagner 160-167 

Repulsion motor 3, 13-15, 89 

Repulsion-start induction-run 

motors 16-19 

Resistance, definition of 323 


Resistance starter 

compression 257 

primary 278 

single-step 261 

Resistance wire 11 


Resistors 

calculating resistance of 328, 329 

cast-iron grid 325 

class number of 327 

continuous duty of 327 

definition of 323 

discharge 126 

grid-type 325 

intermittent duty 327 

nonbreakable 324 

types of 323-327 

wire-wound 323, 326 

Reversed coil '..... 183, 184 

Reversed phase 184-186 

Reversing drum controller 313-316 

Reversing motor 295 

Reversing starter, across-the-line . .266 
Reversing switch. . .119, 267, 317, 331 

Revolving armature 40, 43, 58 

Revolving coil armature, collector 

rings for 59 

Revolving field alternator ... 58, 61-64 

Revolving fields 40 

Rheostat, field 126 

Rheostats, carbon-pile . . . 307-309, 323 

Rings, shp 12 

Roller and ball bearings 171, 189 

Rotating fields 58 

Rotor 

explanation of 1, 50, 63, 64 

or field in circuit 233 

of revolving field alternator 63 

spider of 63 

squirrel-cage 12, 13, 86 
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Rotor induction motor, wound 31-33 


Rotor magnetic center 200 

S 

Scott-connected transformers 73 

Screw, pressure 308 

Selector switch 334 

Semi-automatic starters 23Q, 284 

Senes motor 3, 6-8, 13 

Senes winding 146, 147 

Senes-commutator-type alternating- 
current motor 88 

Senes-connected windings 179 

Senes-wound motor, direct-curront 88 
Shaded pole motor . 240 

Shading coils 352-354 

Short circuit 

in commutator 148 

of complete coil 176 

within coil 174-176 

Short-circuited field coil 151 

Short-circuited pole-phase 

group 176-179 

Shunt motors 13 

Sine curve 41, 42 

Single and multipole transfer 

switches 290 

Single-phase alternating-current 

system 70, 71 

Single-phase alternator 43, 50-52 

Single-phase circuit 43, 44, 47 

Single-phase generator . 44 

Single-phase motor 

starters 119, 240-252 

Single-phase motors 3-15, 52, 86-92 
Single-phase three-wiro system 52, 70 
Single-phase transformer, insulat- 
ing-type 70 

Single-phase two-wirc system 52 
Single-senes winding 142 

Single-step resistance starter 261 
Single-step shp-nng motor starter 275 
Six-wire system 55, 56 

Sleeve bearings 171, 189 

Shding contacts, controllers 

with 291-294 

Shp nngs 12 

Shp-nng control, manual 271 

Shp-nng drum controller 271 

Shp-nng induction motor 125, 128 

Shp-nng motor starter 
automatic 273-275 

compression resistor 272, 273 

multistep automatic 273 

single-step 275 

Shp-nng motors 33, 95, 126, 269-275, 

303,309 

Slot insulation 59 
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Slow-speed engine-dnven 

generatois 65, 66 

Snap switch 243, 245 

Solenoid circuit 233 

Speed control, Kramer and 

Scherbius systems of 100 

Speed regulator 283, 305, 307 

Speed legulators, carbon-pile 307-310 
Spider of rotor 63 

Split-phase motors 8-10, 12, 13, 240 
Split-phase, single-phase motors 86, 87 
Spring contact 288 

Squirrel-cage or damper winding 51 
Sqmrrtl-cage indu( tion motor 92-96, 
85, 112, 119, 121, 124 
Squirrel-cage motor 285 

Sqmrrel-cage motor starters, 

across-the-line 266 

Squirrel-cage motors 
constant^speed 92, 93 

fan-cooled 30 

low-resistance 254 

multispeed 93-95 

proper functioning of 253-269 

standard 254 

types of 30 

Sqmrrel-cage polyphase induction 
motor 28-31 

Sqmrrel-cage rotor 12, 13, 86 

Sqmrrl-cage stator 12, 13 

Sqmrrel-cage winding 275 

Standard sqmrrel-cage motors 254 
Star-connected-four-wire system 56, 57 
Star-connected three-phase 

generator 74 

Start button 128 

Starters 

across-the-lme 120, 216-218, 247, 
248, 250-252, 256, 257, 259, 261, 
265, 266 

alternating-current motor 239^281 
automatic 239, 273-275 

automatic transformer type 261-264 
autotransformer 121, 259, 278 

combination 264 

compression resistance type 257, 273 
definition of 256, 283 

face plate type 271 

functions of 239, 240 

induction-motor 121 

magnetic 126, 294 

manual 239 

polyphase motor 119-124, 253-281 
primary resistance type 122, 278 

reduced voltage 123, 252, 255, 

261-264 

semiautomatic 239 

single-phase motor 119, 240-252 

single-step resistance . 261 
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Starters — continued 


for slip-rmg motors, 


automatic 

273-275 

for special conditions 

264-269 

synchronous motoi 

277, 278 

types oi 

239, 240 

two-point 251, 

, 252, 261 

water-tight combination 

.. 265 

Star-wheel pilot control 

295 

Station, push-button 

297, 318 

Stationary contac t 

288 

Stationary field t>pt of altiunating 

current geneiatoi 

58 

Stator 1, 12, 13, 50, C2, 63 

Stator magnetic ((mtii 

200 

Stator windings, open ciicuit 

111 231 

Steam engine, reciprocating 

79 

Steam turbine 

79,80 

SU'am-dnven prime movers 

80 

Step-dow n trails! oi mers 

105, 106 

Stone, commutatoi 

134 

Switches 


acceleiating. . 

317 

aciosb-the-hne rt‘V( ising 

267, 331 

disconruH t 

334 

drum 125, 

, 287-291 

field 

126 

float type 

249 

limit 

317 

line 

265 

main-line 

126, 317 

magnetic piimar\ 

271 

magnetic leveising 

119 

mast(*r control • 

2^K) 

me tei -reading 

2^)0 

oil-immeised 

266 

plain disconnect 

264 

plugging 

331 

pressure 

249 

primary 

310 

primary control 

271 

primary magnetic 

125, 271 

leversmg 

317 

selector 

334 

single and multipole transfer 290 

snap 

243, 245 

three-pole 

243 

two-pole pressure 

248 

Synchronism 

104 

Synchiomzing alternators 

104-109 

Synchronous condensei 

114 

Synchronous motor starU'r 

277, 278 

Synchronous motors 35-37, 85, 86, 

100-103, 114, 205-237, 275-278, 


285 

Synchroscope, synchronizing by 

means of 106-109 

System voltages 76 
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T 

Test, balanced-current 179 

Tests, magneto 180 

Thermal relay 279 

Thermostats 249, 250 

Thompson, F^lihu 14 

Three-phase alternat ing-current 

system 73-76 

Three-phase alt (‘mat oi 54, 55, 61, 

105, 106 

Three-phase ciHuit 45,46 

Three-phase delta-connected 

vindmg 178 

Three-phast' g(‘n( i«itor 45, 46, 73-76 
Three-phase motoi 177-179 

Three-phas(' st ar-coniiected 

vending 178 

Three-phas(' voltag(‘ ciiive 45 

Thj(H*-pole snit( h 243 

Three-viie t\\(>-phase s\st(‘m 54, 72 

Timing rela>s 317 

Torqut' 1, 3, 328 

Tracing cii cm t s 294, 295 

Transfei swittlus, single and 

inultipoU‘ . . 290 

Transformer mi thod 258, 259 

Transformei tvpi starts, auto- 
matic 261-264 

Transfoimers 

insulating- type single-phase 70 

Scott-connectiul 73 

step-down* 105, lOt) 

Turbine 

condensing tyjx* 80 

noncondensiiig sti»am. 79 

steam 80 

Turbine-type generators 76 

Tvv o-phase alternat ing-curi imt 
svsU'in 71-73 

Two-phas(» alternator 53, 71, 72 

Two-phast» circuit 44, 45, 73 

Two-phase generator 44, 71, 72 

Two-phasi* motors 177 

Two-phase voltage curve 44 

Two-point starter 251, 252, 261 

Two-pole pressure switch 248 

U 

Underwriters, National Board of 197 
Unity powei -factor 114 


Umvcisal motors 5-8, 129-151, 244- 

246 


V 

V-belts 64 

Voltage and curient regulation 109 
Voltage curve 

magnetic fields and 43 

three-phasi* 45, 73 
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Voltage curve— continued 

two-phase 44 

Voltage cycle 39 

Voltage manual control, 

reduced 207-211 

Voltage regulators 104 

Voltage starters, reduced.123, 252, 255 

Voltage wave 42, 46 

Voltages 

high 110 

line 235 

low 231, 23(i 

system 76 

Voltmeter 148, 181, 182 


W 

Wagner electric motors 160-165 

Wagner repulsion-iirluction 

motors 22-24 

Water-tight combination starter . . .265 
Wave 

current 46 

sine 42 

voltage 42,46 

Wave winding 60, 142 

Windings 

amortisseur 214, 222, 235 
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Windings '-conh‘n?ied 

armature 22, 69-61, 130 

comiiensating 7 

damper 51, 64, 66, 67, 275 

fractional pitch 60 

grounds in 149, 150, 174 

lap 142, 144 

open circuit in. . . . 144, i79-183, 231 

parallel 144, 146, 181 

series 146, 147, 179 

single-series 142 

squirrel-cage 51, 275 

stator 231 

Ujsting alternating-current 63 

three-f)has(^ 61, 178 

types of 49-58 

wave 60, 142 

wrong groupings of 186, 187 

Wire 


enamel insulated magnet 130 

resistance 11 

Wire-wound resistors 323, 326 

Wound-rotor induction motor. .31-33, 
95-100, 124-126, 285, 286, 311 
Wound-rotor induct ii)n motor con- 
trollers 303-310 

Wound-rotor motor 269, 310-321 





